Practitioner's Docket No. 



PITT-1 DIV 



PA7ENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Box Patent Application 

Assistant Commissioner for Patents 

Washington, D.C. 20231 



NEW APPLICATION TRANSMITTAL 



inventors): 



Transmitted herewith for filing is the patent application of 

Joel S. Greenberger, Paul A. DiMilla, Michael M. Domach, 

Raymond K. Houck 

WARNING: 37 C.F.R. § 1.41(a)(1) points out: 

"(a) A patent is applied for in the name or names of the actual inventor or inventors. 

"(1) The inventorship of a nonprovisional application is that inventorship set forth in the oath or 
declaration as prescribed by § 1.63, except as provided for in § 1.53(d)(4) and § 1.63(d). if an 
oath or declaration as prescribed by § 1.63 is not filed during the pendency of a nonprovisional 
application, the inventorship is that inventorship set forth in the application papers filed pursuant 
to § 1.53(b), unless a petition under this paragraph accompanied by the fee setjorth in § 1.17(0 
is filed supplying or changing the name or names of the inventor or inventors." 

For (title): A METHOD AND APPARATUS FOR HOLDING CELLS 



CERTIFICATION UNDER 37 C.7.H. 1.10* 
(Express Mail label number is mandatory.) 
{Express Mail certification is optional.) 

I hereby certify that this New Application Transmittal and the documents referred to as attached therein are being 

deposited with the United States Postal Service on this date April 1^ , in an envelope 

as "Express Mail Post Office to Addressee/ mailing Label Number EL/bZ^Uo^Ub ad- 
dressed to the: Assistant Commissioner for Patents, Washington, D.C. 20231. 

Tracey L. Mllka 



{type or print name of person mailing paper) 
ure of personJmatling paper 



Signature of personVmatling paper 

WARNING: Certificate of mailing (first class) or facsimile transmission procedures of 37 C.F.R 1.8 cannot be 

used to obtain a date of mailing or transmission for this correspondence. 
"WARNING: Each paper or fee filed by "Express Mail" must have the number of the 'Express Mail" mailing label 
placed thereon prior to mailing. 37 C.F.R. 1.10(b). 

"Since the filing of correspondence under §1.10 without the Express Mail mailing label thereon 
is an oversight that can be avoided by the exercise of reasonable care, requests for waiver of this 
requirement will not be granted on petition. 9 Notice of Oct. 24, 1996, 60 fed. Reg. 56,439, at 56,442. 
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1. Type of Application 

This new application is for a(n) 



(check one applicable item below) 

0 Original (non provisional) 

□ Design 
□ Plant 

WARNING: Do not use this transmittal for a completion in the U.S. of an international Application under 35 
U.S.C. 371(c)(4), unless the International Application is being filed as a divisional, continuation or 
continuation-in-part application. 

WARNING: Do not use this transmittal for the filing of a provisional application. 

NOTE- Ifoneofthefoilowing3itemsapply t then complete and attach ADDED PAGES FOR NEW APPLICATION 
TRANSMITTAL WHERE BENEFIT OF A PRIOR US. APPLICATION CLAIMED and a NOTIFICATION 
IN PARENT APPLICATION OF THE FILING OF THIS CONTINUATION APPLICATION. 

H Divisional. 

□ Continuation. 

□ Continuation-in-part (C-l-P). 

2. Benefit of Prior U.S. Appiication(s) (35 U.S.C. 119(e), 120, or 121) 

NOTE: A nonprovisionai application may claim an invention disclosed in one or more prior filed copending 
nonprovisional applications or copending international applications designating the United States of 
America. In order for a nonprovisional application to claim the benefit of a prior filed copending 
nonprovisional application or copending international application designating the United States of 
Amenca, each prior application must name as an inventor at least one inventor named in the later filed 
nonprovisional application and disclose the named inventor's invention claimed in at least one claim 
of the later filed nonprovisional application in the manner provided by the first paragraph of 35 U.S.C. 
1 12. Each prior application must also be: 

(i) An international application entitled to a filing date in accordance with PCT Article 11 and 
designating the United States of America; or 

(ii) Complete as set forth in § 1.51(b); or 

fiii) Entitled to a filing date as set forth in § 1.53(b) or § 1.53(d) and include the basic filing fee set 
forth in § 1.16; or 

fiv) Entitled to a filing date as set forth in § 1.53(b) and have paid therein the processing and retention 
fee set forth in § 1.21(1) within the time period set forth in § 1.53(f). 

37 C.F.R. § 1.78(a)(1). 

NOTE: If the new application being transmitted is a divisional, continuation or a continuation-in-part of a parent 
case, or where the parent case is an International Application which designated the U.S., or benefit 
of a prior provisional application is claimed, then check the following item and complete and attach 
ADDED PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICA- 
TION^) CLAIMED. 

WARNING: If an application claims the benefit of the filing date of an earlier filed application under 35 U.S.C. 

120, 121 or 365(c), the 20-year term of that application will be based upon the filing date of the 
earliest U.S. application that the application makes reference to under 35 U.S.C 120, 121 or 365(c). 
(35 U.S.C. 154(a)(2) does not take into account, for the determination of the patent term, any 
application on which priority is claimed under 35 U.S.C. 119, 365(a) or 365(b).) For a cw-p 
application, applicant should review whether any claim in the patent that will Issue is supported 
by an earlier application and, if not, the applicant should consider canceling the reference to the 
earlier filed application. The term of a patent is not based on a claim-by-claim approach. See Notice 
of April 14, 1995, 60 Fed. Reg. 20,195, at 20,205. 
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WARNING: When the last day of pendency of a provisional application fails on a Saturday, Sunday, or Federal 
hoiiday within the Oistnct of Columbia, any nonprovisionai application claiming benefit of the 
provisional application must be filed prior to the Saturday, Sunday, or Federal hoiiday within the 
Distnct of Columbia. See 37 C.F.R. § 1.78(a)(3). 

E The new application being transmitted claims the benefit of prior U.S. applica- 
tions). Enclosed are ADDED PAGES FOR NEW APPLICATION TRANSMITTAL 
WHERE BENEFIT OF PRIOR U.S. APPUCATION(S) CLAIMED. 

3. Papers Enclosed 

A. Required for filing date under 37 C.F.R. § 1.53(b) (Regular) or 37 C.F.R. § 1,153 
(Design) Application 

5 9 Pages of specification 

8 Pages of claims 

13 Sheets of drawing 

□ formal 
Q informal 

B. Other Papers Enclosed 
L. Pages of Abstract 

0 Other 

WARNING: DO NOT submit original drawings. A high quality copy of the drawings should be supplied when 
filing a patent application. The drawings that are submitted to the Office must be on strong, white, 
smooth, and non-shiny paper and meet the standards according to § 1,84. If corrections to the 
drawings are necessary, they should be made to the onginai drawing and a high-quality copy of 
the corrected original drawing then submitted to the Office. Only one copy is required or desired. 
For comments on proposed then-new 37 CFR 1,84, see Notice of March 9, 1988 (1990 O.G. 57-62). 

NOTE: "identifying indicia, if provided, should include the application number or the title of the invention, 
inventor's name, docket number (if any), and the name and telephone number of a person to call if 
the Office is unable to match the drawings to the proper application. This information should be placed 
on the back of each sheet of drawing a minimum distance of 1.5 cm. (5/8 inch) down from the top 
of the page ..." 37 C.F.R. 1.84(c)), 

(complete the following, if applicable) 

□ The enclosed drawing(s) are photograph(s), and there is also attached a 
"PETITION TO ACCEPT PHOTOGRAPH(S) AS DRAWiNG(S)." 37 C.F.R. 1.84(b). 

4, Additional papers enclosed 

H Preliminary Amendment 

□ Information Disclosure Statement (37 C,F.R 1 .98) 

□ Form PTO-1449 (PTO/SB/08A and 08B) 

□ Citations 

□ Declaration of Biological Deposit 

□ Submission of "Sequence Listing," computer readable copy and/or amendment 
pertaining thereto for biotechnology invention containing nucleotide and/or 
amino acid sequence. 

□ Authorization of Attomey(s) to Accept and Follow Instructions from Representa- 
tive 

□ Special Comments 

□ Other 
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5. Declaration or oath 

NOTE: A newly executed declaration is not required in a continuation or divisional application provided that 
the prior nonprovisionai application contained a declaration as required, the application being filed is 
by ail or fewer than all the inventors named in the prior application, there is no new matter in the 
application being filed, and a copy of the executed declaration filed in the pnor application (showing 
the signature or an indication thereon that it was signed) is submitted. The copy must be accompanied 
by a statement requesting deletion of the names of person® who are not inventors of the application 
being filed. If the declaration in the prior application was filed under § 1.47, then a copy of that 
declaration must be filed accompanied by a copy of the decision granting § 1 .47 status or, if a nonsigntng 
person under § 1.47 has subsequently joined in a prior application, then a copy of the subsequently 
executed declaration must be filed. See 37 C.F.R. §§ 1.63(d). 

E Enclosed 
Executed by 

(check ail applicable boxes) 

gj inventor(s), 

□ legal representative of inventor(s). 
37 CFR 1.42 or 1.43. 

□ joint inventor or person showing a proprietary 
interest on behalf of inventor who refused to sign 
or cannot be reached. 

□ This is the petition required by 37 CFR 1.47 and the statement 
required by 37 CFR 1.47 is also attached. See item 13 below for 
fee. 

□ Not Enclosed. 

NOTE' Where the filing is a completion in the US. of an International Application or where the completion of 
the U.SL application contains subject matter in addition to the Internationa! Application, the ff Pj*f*° n 
may be treated as a continuation or continuation-in-part, as the case may be, Mizn l^^^^ 
FOR NEW APPUCAVON TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICATION CLAIMED. 

□ Application is made by a person authorized under 37 C.F.R. 1 .41 (c) on behalf 
of all the above named inventors). 

(The declaration or oath, along with the surcharge required by 37 CFR 1.16(e) 

can be filed subsequently). 

NOTE: It is important that all the correct inventors) are named for filing under 37 CFR 1.41(c) and 1.53(b). 

□ Showing that the filing is authorized. 

(not required unless called into question. 37 CFR 1.41(d)) 

6. Inventorship Statement 

WARNING: If the named inventors are each not the inventors of all the claims an explanation, including the 
ownership of the various claims at the time the last claimed invention was made, should be 
submitted. 

The inventorship for ail the claims in this application are: 
H The same. 

or 

□ Not the same. An explanation, including the ownership of the various claims at 
the time the last claimed invention was made, 

□ is submitted. 

□ will be submitted. 
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7. Language 

NOTE: An application including a signed oath or declaration may be filed in a language other than English. 
An English translation of the non-English language application and the processing fee of $130.00 
required by 37 CFR 1.17(k) is required to be filed with the application, or within such time as may be 
set by the Office. 37 CFR 1.52(d). 

B English 

□ Non-Engiish 

□ The attached translation includes a statement that the translation is accu- 
rate. 37 C.F.R. 1.52<d). 

8. Assignment 

□ An assignment of the invention to 



□ is attached. A separate □ "COVER SHEET FOR ASSIGNMENT (DOCU- 
MENT) ACCOMPANYING NEW PATENT APPLICATION" or □ FORM PTO 
1595 is also attached. 

□ will foifow. 

NOTE: u lfan assignment is submitted with a new application, send two separate letters-one for the application 
and one for the assignment" Notice of May 4, 1990 (1114 O.G. 77-78). 

WARNING: A newly executed "CERTIFICATE UNDER 37 CFR 3. 73(b)" must be filed when a continuation-in-part 
application is fifed by an assignee. Notice of April 30, 1993, 1150 O.G. 62-64. 

9. Certified Copy 

Certified copy(ies) of application® 



Country 


Appin. No. 


Filed 


Country 


Appin. No. 


Red 


Country 


Appin. No. 


Filed 



from which priority is claimed 

□ is (are) attached. 

□ will follow. 

WOTH; The foreign application fonving the basis for the daim for priority must be referred to in the oath or 
declaration. 37 CFR 1.55(a) and 1.63. 

NOTE: This item is for any foreign prionty for which the application being filed directly relates. If any parent 
U.S. application or International Application from which this application claims benefit under 35 U.S.C. 
120 is itself entitled to priority from a prior foreign application, then complete item 18 on the ADDED 
PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF PRIOR U.S. APPLICATION^) 
CLAIMED. 
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10. Fee Calculation (37 C.F.R 1.16) 
A. O Regular application 



CLAIMS AS FILED 


Number filed 


Number Extra 


Rate 


Basic Fee 
37 C.F.R. 1.16(a) 
$790.00 


Total 

Claims (37 CFR 1.16(c)) 82- 


20 = 62 x 


$ 22.00 


1,116.00 


Indepencient 

Claims (37 CFR 1.16(b)) 13- 


3 = 10 x 


$ 82.00 


780.00 


Muitipie dependent ciaim(s) t 
if any (37 CFR 1.16(d)) 




$270.00 





□ Amendment cancelling extra claims is enclosed. 

□ Amendment deleting multiple-dependencies is enclosed. 

□ Fee for extra claims is not being paid at this time. 

NOTE: If the fees for extra claims are not paid on fifing they must be paid or the claims cancelled by amendment, 
prior to the expiration of the time period set for response by the Patent and Trademark Office in any 
notice of fee deficiency. 37 OFR 1.16(d). 

Filing Fee Calculation $ 2>656 ' QQ 

B. □ Design application 

($330.00—37 CFR 1.16(f)) 

Filing Fee Calculation $ 

C. □ Plant application 

($540.00—37 CFR 116(g)) 

Filing fee calculation $ 

11. Small Entity Statements} 

□ Statements) that this is a filing by a smail entity under 37 CFR 1 .9 and 1 .27 
is (are) attached. 

WARNING: "Status as a small entity must be specifically established in each application or patent in which 
the status is available and desired. Status as a small entity in one application or patent does not 
affect any other application or patent, including applications or patents which are directly or 
indirectly dependent upon the application or patent in which the status has been established. The 
refiling of an application under § 1.53 as a continuation, division, or continuation-in-part (including 
a continued prosecution application under § 1.53(d)), or the filing of a reissue application requires 
a new determination as to continued entitlement to small entity status for the continuing or reissue 
application. A nonprovisional application claiming benefit under 35 U.S.C. 119(e), 120, 121, or 
365(c) of a prior application, or a reissue application may rely on a statement filed in the prior 
application or in the patent if the nonprovisional application or the reissue application includes a 
reference to the statement in the prior application or in the patent or includes a copy of the 
statement in the prior application or in the patent and status as a smail entity is still proper and 
desired. The payment of the small entity basic statutory filing fee will be treated as such a reference 
for purposes of this section." 37 C.F.R. § 1.28(a)(2). 
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(complete the following, if applicable) 



G3 Status as a small entity was claimed in prior application 

08 / 741 > 628 filed on 11/1/96 from which benefit 

is being claimed for this application under 

35 U.S.C. □ 119(e), 
(3 120, 

□ 121, 

□ 365(c), 

and which status as a small entity is stiil proper and desired. 
E A copy of the statement in the prior application is included. 
Filing Fee Calculation (50% of A, B or C above) 

$ 1,328.00 

NOTE: Any excess of the full fee paid will be refunded if small entitiy status is established and a refund request 
are filed within 2 months of the date of timely payment of a full fee. The two-month period is not 
extendable under § 1,136. 37 CFR 1.28(a). 

12. Request for International-Type Search (37 C.F.R. 1.104(d)) 

(complete, if applicable) 

□ Please prepare an international-type search report for this application at the time 
when national examination on the merits takes place, 

13. Fee Payment Being Made at This Time 

□ Not Enclosed 

□ No filing fee is to be paid at this time. 

(This and the surcharge required by 37 C.F.R. 1.16(e) can be paid subse- 
quently.) 

® Enclosed 

B FiHng fee $ 1*328.00 

□ Recording assignment 
($40.00; 37 C.F.R. 1.21(h)) 

(See attached "COVER SHEET FOR 
ASSIGNMENT ACCOMPANYING NEW 

APPLICATION",) $ 

□ Petition fee for filing by other than all the 
inventors or person on behalf of the inventor 
where inventor refused to sign or cannot be 
reached 

($130.00; 37 C.F.R. 1.47 and 1.17(0) $ 

□ For processing an application with a 
specification in 

a non-English language 

($130.00; 37 C.F.R. 1.52(d) and 1,1 7(k)) $ 

□ Processing and retention fee 

($130.00; 37 C.F.R. 1.53(d) and 1.21(1)) $ 

□ Fee for international-type search report 

($40.00; 37 C.F.R. 1.21(e)) $ 
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NOTE 37 CFR 1.21 (!) establishes a fee for processing and retaining any application that is abandoned for failing 
to complete the application pursuant to 37 CFR 1.53(f) and this, as well as the changes to 37 CFR 1.53 
and 1J8(a)(1), indicate that in order to obtain the benefit of a prior U.S. application, either the basic 
filing fee must be paid, or the processing and retention fee of § 1.21(1) must be paid, within 1 year from 
notification under § 53(f). 

Total fees enclosed $ 1>328.00 

14. Method of Payment of Fees 

03 Check in the amount of & 1.328.00 

□ Charge Account No. in the amount of 

$ 

A duplicate of this transmittal is attached. 

NOTE: Fees should be itemized in such a manner that it is clear for which purpose the fees are paid. 37 CFR 
1.22(b). 

15. Authorization to Charge Additional Fees 

WARNING: if no fees are to be paid on filing, the following items should not be completed. 

WARNING: Accurately count daims, especially multiple dependent claims, to avoid unexpected high charges, 
if extra claim charges are authorized. 

El The Commissioner is hereby authorized to charge the following additional fees 
by this paper and during the entire pendency of this application to Account No. 

19-0737 ; 

El 37 C.F.R. 1.16(a), (f) or (g) (filing fees) 

B 37 C.F.R. 1.16(b), (c) and (d) (presentation of extra claims) 

NOTE: Because additional fees for excess or multiple dependent daims not paid on filing or on later presentation 
must only be paid or these claims cancelled by amendment prior to the expiration of the time period 
set for response by the PTO in any notice of fee deficiency (37 CFR 1.16(d)), it might be best not to 
authorize the PTO to charge additional daim fees, except possibly when dealing with amendments after 
final action. 

□ 37 C.F.R 1.16(e) (surcharge for filing the basic filing fee and/or declaration 
on a date later than the filing date of the application) 

□ 37 C.F.R. §§ 1.17(a)(1H5) (extension fees pursuant to § 1.136(a)). 

□ 37 C.F.R. 1.17 (application processing fees) 

NOTE: . .A written request may be submitted in an application that is an authorization to treat any concurrent 
or future reply, requiring a petition for an extension of time under this paragraph for its timely submission, 
as incorporating a petition for extension of time for the appropriate length of time. An authorization to 
charge all required fees r fees under § 1.17, or all required extension of time fees will be treated as a 
constructive petition for an extension of time in any concurrent or future reply requiring a petition for 
an extension of time under this paragraph for its timely submission. Submission of the fee set forth in 
§ 1. 1 7(a) will afso be treated as a constructive petition for an extension of time in any concurrent reply 
requiring a petition for an extension of time under this paragraph for its timely submission. m 37 C.F.R. 
§ 1.136(a)(3). 

□ 37 C.F.R. 1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. 1.311(b)) 

NOTE: Where an authorization to charge the issue fee to a deposit account has been filed before the mailing 
of a Notice of Allowance, the issue fee will be automatically charged to the deposit account at the time 
of mailing the notice of allowance. 37 CFR 1.311(b). 
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NOTE; 37 CFR 7.28(b) requires "Notification of any change in status resulting in loss of entitlement to smart 
entity status must be filed in the application . . . prior to paytng, or at the time of paying, . . . issue 
fee. " From the wording of 37 CFR 1.28(b), (a) notification of change of status must be made even if 
the fee is paid as "other than a small entity* and (b) no notification is required if the change ts to another 
smaii entity. 

16. Instructions as to Overpayment 

NOTE; 14 . . . Amounts of twenty-five doilars or less will not be returned uniess specifically requested within 



a reasonable time, nor will the payer be notified of such amounts; amounts over twenty-five doilars may 
be returned by check or, if requested, by credit to a deposit account" 37 C.F.R. § 1.26(a). 



B Credit Account No, 
□ Refund 



19-0737 



SIGNATURE OF PRACTITIONER 




Reg. No. 30,587 



Ansel M. Schwartz 



TeL No. (412) 621-9222 



{type or print name of attorney) 
One Sterling Plaza 



Customer No. 



P.O. Address 

201 N* Craig Street, Suite 304 
Pittsburgh, PA 15213 
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Incorporation by reference of added pages 

(check the following item if the application in this transmittal claims the benefit of 
prior U.S. application^) (including an international application entering the U.S. 
stage as a continuation, divisional or C-/-P application) and complete and attach 
the ADDED PAGES FOR NEW APPLICATION TRANSMITTAL WHERE BENEFIT OF 
PRIOR U.S. APPLICATION^) CLAIMED) 

3 Pius Added Pages for New Application Transmittal Where Benefit of Prior U.S. 
Application(s) Claimed 

Number of pages added 

13 Plus Added Pages for Papers Referred to in Item 4 Above 

Number of pages added ?9 



□ Plus added pages deleting names of inventor(s) named in prior appiication(s) 
who is/are no longer inventors) of the subject matter claimed in this application. 

Number of pages added 

□ Plus "Assignment Cover Letter Accompanying New Application" 

Number of pages added 

Statement Where No Further Pages Added 

(if no further pages form a part of this Transmittal, then end this Transmittal with 
this page and check the following item) 

□ This transmittal ends with this page. 
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Practitioner's Docket No. 



PITT-1 DIV 



PATENT 



ADDED PAGES FOR APPLICATION TRANSMITTAL WHERE BENEFIT OF 
PRIOR U.S. APPLICAHON(S) CLAIMED 

NOTE; See 37 CFR 7.78. 

17. Relate Back 

WARNING: if an application claims the benefit of the filing date of art eariier filed application under 35 U.S.C. 



120, 121 or 365(c), the 20-year term of that application will be based upon the filing date of the 
earliest U.S. application that the application makes reference to under 35 U.S.C. 120, 121 or 365(c). 
(35 U.S.C. 154(a)(2) does not take into account, for the determination of the patent term, any 
application on which priority is daimed under 35 U.S.C, 119, 365(a) or 365(b).) For a c-i-p 
application, applicant should review whether any daim in the patent that will issue is supported 
by an eariier application and, if not, the applicant should consider canceling the reference to the 
eariier filed application. The term of a patent is not based on a daim-by-daim approach. See Notice 
of April 14, 1995, 60 Fed. Reg. 20,195, at 2Q t 2Q5. 



E Amend the specification by inserting, before the first line, the following sentence: 



NOTE: "Any nonprovisional application claiming the benefit of one or more prior filed copending provisional 
applications must contain or be amended to contain in the first sentence of the specification following 
the title a reference to each such prior provisional application, identifying it as a provisional application, 
and including the provisional application number (consisting of series code and serial number). * 37 CEP. 



□ 'This application claims the benefit of U.S. Provisional Application® No(s).: 



(complete the following, if applicable) 



A- 35 U.S.C. 119(e) 



§ 1.76(a)(4)- 



APPLICATION NO(S).: 



RUNG DATE 



(Added Pages for Application Transmittal Where Benefit of Prior U.S. Application® Claimed 

[4-1.1]— page 1 of 5) 



r 



B. 35 U.S.C. 120, 121 and 365(c) 

NOTE: "Except for a continued prosecution appiication filed under § 1.53(d), any nonprovisional application 
claiming the benefit of one or more pnor filed copending nonprovtsional applications or international 
applications designating the United States of America must contain or be amended to contain in the 
first sentence of the specification following the title a reference to each such prior application, identifying 
it by application number (consisting of the senes code and serial number) or international application 
number and international filing date and indicating the relationship of the applications. . . . Cross- 
references to other related applications may be made when appropriate. 9 (See § 1.14(a)). 37 C.ER. 
§ 1.78(a)(2). 
E "This appiication is a 

□ continuation 

□ continuation-in-part 
0 divisional 

of copending appiication(s) 

m application number 08 / 741,628 filed on " 

□ international Application filed on 

and which designated the U.S." 

NOTE: The proper reference to a prior filed POT appiication that entered the U.S. national phase is the U.S. 

serial number and the filing date of the POT application that designated the U.S. 
NOTE' (1) Where the application being transmitted adds subject matter to the International Application, then 

the filing can be as a continuation-in-part or (2) if it is desired to do so for other reasons then the filing 

can be as a continuation. 

NOTE: The deadline for entering the national phase in the U.S. for an international appiication was clarified 
in the Notice of April 28, 1987 (1079 O.G. 32 to 46) as follows: 

"The Patent and Trademark Office considers the International application to be pending until the 22nd 
month from the priority date if the United States has been designated and no Demand for International 
Preliminary Examination has been filed prior to the expiration of the 19th month from the pnonty date 
and until the 32nd month from the priority date if a Demand for International Preliminary Examination 
which elected the United States of America has been filed prior to the expiration of the 19th montt 
from the priority date, provided that a copy of the international application has been communicated 
to the Patent and Trademark Office within the 20 or 30 month period respectively. If a copy of the 
international application has not been communicated to the Patent and Trademark Office withm the 
20 or 30 month period respectively, the international application becomes abandoned as to the United 
States 20 or 30 months from the priority date respectiviey. These periods have been placed m theju^s 
as paragraph (h) of § 1 .494 and paragraph (t) of § 1A95. A continuing application under 35 U.S.C. 365(c) 
and 120 may be filed anytime dunng the pendency of the international application." 

□ 'The nonprovisionai appiication designated above, namely application 

/ ( filed claims the benefit of 

U.S. Provisional Application(s) No(s).: 



APPLICATION NO(S).: F,L1NG DATE 



□ Where more than one reference is made above, please combine all references 
into one sentence. 



Paqes for Appiication Transmittal Where Benefit of Prior U.S. Applications) Claimed 
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18. Relate Back— 05 U.S.C. 119 Priority Claim for Prior Application 



The prior U.S. appfication(s), including any prior International Application designating the 
U.S., identified above in item 17B, in turn itself claim(s) foreign priorities) as follows: 



Country Appfn. no. Filed on 

The certified copy(ies) has (have) 

□ been filed on , in prior application Q / , which was 

filed on 

□ is (are) attached. 

WARNING: The certified copy of the priority application that may have been communicated to the PTO by 
the International Bureau may not be relied on without any need to file a certified copy of the prionty 
application in the continuing application. This is so because the certified copy of the prionty 
application communicated by the International Bureau is placed in a folder and is not assigned 
a U.S. senai number unless the national stage is entered. Such folders are disposed of if the national 
stage is not entered. Therefore, such certified copies may not be available if needed later in the 
prosecution of a continuing application. An alternative would be to physically remove the priority 
documents from the folders and transfer them to the continuing application. The resources required 
to request transfer, retrieve the folders, make suitable record notations, transfer the certified copies, 
enter and make a record of such copies in the Continuing Application are substantiai. Accordingly, 
the prionty documents in folders of international applications that have not entered the national 
stage may not be relied on. Notice of April 28, 1987 (1079 O.G. 32 to 46). 

19. Maintenance of Copendency of Prior Application 

NOTE: The PTO finds it useful if a copy of the petition filed in the prior application extending the term for 
response is Wed with the papers constituting the filing of the continuation application. Notice of 
November 5, 1985 (1Q60 O.G. 27). 

A. □ Extension of time in prior application 

(This item must be completed and the papers filed in the prior application, 
if the period set in the prior application has nun.) 

□ A petition, fee and response extends the term in the pending prior application 
until 

□ A copy of the petition filed in prior application is attached. 
Bm □ Conditional Petition for Extension of Time in Prior Application 

(complete this item, if previous item not applicable) 

□ A conditional petition for extension of time is being filed in the pending prior 
application. 

□ A copy of the conditional petition filed in the prior application is attached. 
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20. Further Inventorship Statement Where Benefit of Prior Appiication(s) 
Claimed 

(complete applicable item (a), (b) and/or (c) below) 

(a) E This application discloses and claims only subject matter disclosed in the prior 
application whose particulars are set out above and the inventors) in this 
application are 

IS the same. 

□ less than those named in the prior application. It is requested that the 
following inventor(s) identified for the prior application be deleted: 



(type name(s) of inventors) to be deleted) 

(b) □ This application discloses and claims additional disclosure by amendment and 

a new declaration or oath is being filed. With respect to the prior application, 
the inventors) in this application are 

□ the same. 

□ the following additional inventors) have been added: 

(type name(s) of inventorfs) to be added) 

(c) The inventorship for ail the claims in this application are 
H .the same. 

□ not the same. An explanation, including the ownership of the various claims 
at the time the last claimed invention was made 

□ is submitted. 

□ will be submitted. 
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21. Abandonment of Prior Application (if applicable) 

□ Please abandon the prior application at a time while the prior application is 
pending, or when the petition for extension of time or to revive in that application 
is granted, and when this application is granted a filing date, so as to make this 
application copending with said prior application. 

NOTE: According to the Notice of May 73, 1983 (103 t TMOG 6-7), the fifing of a continuation or continuation-in- 
part application is a proper response with respect to a petition for extension of time or a petition to 
revive and should inciude the express abandonment of the prior application conditioned upon the 
granting of the petition and the granting of a filing date to the continuing application. 

22. Petition for Suspension of Prosecution for the Time Necessary to 
File an Amendment 

WARNING: 'The daims of a new application may be finally rejected in the first Office action in those situations 
where (1) the new application is a continuing application of, or a substitute for, an earlier application, 
and (2) ail the daims of the new application (a) are drawn to the same invention daimed in the 
earlier application, and (b) would have been properly finally rejected on the grounds of art of record 
in the next Office action if they had been entered in the earlier application. 9 MPEP, § 706.07(b). 

NOTE: Where it is possible that the claims on file wilt give rise to a first action final for this continuation application 
and for some reason an amendment cannot be filed promptly (e.g., experimental data is being gathered) 
it may be desirable to file a petition for suspension of prosecution for the time necessary. 

(check the next item, if applicable) 

□ There is provided herewith a Petition To Suspend Prosecution for the Time 
Necessary to File An Amendment (New Application Filed Concurrently) 

23. Small Entity (37 CFR § 1.28(a)) 

□ Applicant has established small entity status by the filing of a statement in parent 
application / on . 

□ A copy of the statement previously filed is included. 
WARNING: See 27 CFR § 1.28(a). 

24. NOTIFICATION IN PARENT APPLICATION OF THIS FILING 

□ A notification of the filing of this 
(check one of the following) 

□ continuation 

□ continuation-in-part 

□ divisional 

is being filed in the parent application, from which this application claims priority under 35 
U.S.C. § 120. 
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ADDED PAGE(S) FOR APPLICATION TRANSMITTAL WHERE BENEFIT OF 
A PRIOR U.S. APPLICATION CLAIMED 



This is a divisional application of U.S. patent application serial 
number 08/741,628 filed on November 1, 1996. 



Added page 
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PITT- 1 

Attorney's Docket Hlo. 1 PATENT 

ApDiicant or P^ranra^ Joel S. Graenberger, Paul A. DiMilla, Michael M. D omach, 

Raymond K. Houck 

Application or Patent No.: / : 

RIed or issued: __ 

A METHOD AND APPARATUS FOR HOLDING CELLS 

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY 
STATUS (37 CFR 1.9(f) and 1.27 (d)) — NONPROFIT ORGANIZATION 

I hereby deciare that I am an official empowered to act on behalf of the nonprofit organiza- 
tion identified below: 

Name of Organization University of Pittsburgh 

Address of n^pi^tinn Office of Technology Transfer and Intellectual P roperty, 
911 William Pitt Union, Pittsburgh, PA 15260 

TYPE OF ORGANIZATION 

S University or Other Institution of Higher Education 

□ Tax Exempt Under Internal Revenue Service Code (26 USC 501 (a) and 501 (c)(3)) 

□ Nonprofit Scientific or Educaiionai Under Statute of State of the United States 
of America 

(Name of State . j 



(Citation of Statute ) 

G Would Ouaiify as Tax Exempt Under internal Revenue Service Code (26 USC 
501(a) and 501(c)(3)), if Located in the United States of America 

□ Wouid Qualify as Nonprofit Scientific or Educational Under Statute of State of 
the United States of America if Located in the United States of America 

(Name of State „ ) 

(Citation of Statute „ ' ) 

I hereby declare that the nonprofit organization identified above qualifies as a nonprofit 
organization, as defined in 37 CFR 1.9(e), for purposes of paying reduced fees under 
Sections 41(a) and (b) of Title 35, United States Code, with regard to the invention entitled 
A METHOD AND APPARATUS FOR HOLDING CELLS 

by jpwonWg) Joel S- Greenberger, Paul A. DiMilla, Michael M. Domach, 
Raymond K. Houck 

described in 

E the specification filed herewith. 

G application no, / t filed 

□ patent no , issued 
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I hereby declare that rrgnts under contract or law have been conveyed to f and remain 
with, the nonprofit organization, with regard to the above identified invention. 

If the rights heid by the nonprofit organization are not exclusive, each individual, concern 
or organization having rights to the invention is listed below* and no rights to the invention 
are held by any person, other than the inventor, who couid not qualify as a small business 
concern under 37 CFR 1.9(d), or by any concern that would not qualify as a small business 
concern under 37 CFR 1 .9(d), or a nonprofit organization under 37 CFR 1 .9(e) 

*NOTE: Separate verified statements are required from each named person, concern or organization having 
rights to the invention avemng to their status as small entities, (37 CFR 1,27). 



Name. 



Address . 



□ INDIVIDUAL £ SMALL BUSINESS CONCERN G NONPROFIT ORGANIZATION 



Name. 



Address . 



□ INDIVIDUAL G SMALL BUSINESS CONCERN G NONPROFIT ORGANIZATION 

! acknowledge the duty to file, in this application or patent, notification of any charge 
in status resulting in loss of entitlement to small entity status prior to paying, or at the time 
of paying, the earliest of the issue fee or any maintenance fee due after the date on which 
status as a small entity is no longer appropriate. (37 CFR 1.28(b)) 

I hereby declare that ail statements made herein of my own knowledge are true and that 
aii statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code, and that such wilifui false statements may jeopardize the validity of the 
application, any patent issuing thereon, or any patent to which this verified statement is 
directed. 

k i , c . Frances J. Cormell 

Name of Person Signing . — — — 



Title in Organization Director 



Address of Person Signing University of Pittsbur gh, Office of Technology 
Transfer and Intellectual Property, 911 William Pitt Union, Pittsburgh, PA 15260 



SIGNATURE^^^^^^^^^^^ ^ Date 
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Attorney's Docket No PATENT 

Apoiicant or Patentee: Joel S. Greenberger, Paul A. DiMilla, Michael M. Do mach, 

Raymond K. HoucR 

Application or Patent No.: / . 

Fifed or Issued: 

Pnr A METHOD AND APPARATUS FOR HOLDING CELLS 

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY 
STATUS (37 CFR 1.9(f) and 1.27(b))— INDEPENDENT INVENTOR 



As a beiow named inventor, I hereby declare that I qualify as an independent inventor, as 
defined in 37 CFR 1 .9(c), for purposes of paying reduced fees under Sections 41 (a) and 
(b) of Title 35, United States Code, to the Patent and Trademark Office with regard to the 
invention *nfitlad A METHOD AND APPARATUS FOR HOLDING CELLS 

described in 

□ the specification filed herewith. 

□ application no. / , filed 

□ patent no ! , issued 

[ have not assigned, granted, conveyed or licensed, and am under no obligation under 
contract or law to assign, grant, convey or license, any rights in the invention to any person 
wno could not be classified as an independent inventor under 37 CFR 1.9(c), if that person 
had made the invention, or to any concern that would not qualify as a small business 
concern under 37 CFR 1.9(d), or a nonprofit organization under 37 CFR 1.9(e). 

Each person, concern or organization to which i have assigned, granted, conveyed, or 
licensed or am under an obligation under contract or law to assign, grant, convey, or license 
any rights in the invention is listed below: 

SI no such person, concern, or organization. 

□ persons, concerns or organizations listed beiow * 

'NOTE: Separate verified statements are required from each named person, concern or organization having 
nghts to the invention avemng to thetr status as small entities. (37 CFR 1.27) 

FULL NAME 

ADDRESS 



□ INDIVIDUAL □ SMALL BUSINESS CONCERN □ NONPROFIT ORGANIZATION 

FULL NAME 

ADDRESS 



□ INDIVIDUAL C SMALL BUSINESS CONCERN G NONPROFfT ORGANIZATION 

FULL NAME 

ADDRESS 



U INDIVIDUAL □ SMALL BUSINESS CONCERN □ NONPROFIT ORGANIZATION 

f 
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S acknowledge the duty to file, in this aopfication or patent, notification of any cnange >n 
status resulting in loss of entitlement to small entity status prior to paying, or at the time 
of paying, the earliest of the issue fee or any maintenance fee aue after the date on wmcn 
status as a smail entity is no longer appropnate. (37 CFR 1 .23(b)) 

i hereby declare that ail statements made herein of my own knowledge are true ana that 
ail statements made on information and belief are believed to be true; and further, that these 
statements were made with the knowledge that willful false statements and the like so made 
are punishable by fine or impnsonment, or both, under Section 1 001 of Title 1 8 of the United 
States Code, and that such willful raise statements may jeopardize the validity of the 
application, any patent issuing thereon, or any patent to which this verified statement is 
directed. 
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Raymomh K 



Houck 




Name- of inventor 



Signature of Inventor 



Name of inventor 

Date 

Signature of Inventor 



Name of inventor 

Date 

Signature of Inventor 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 

JOEL S. GREENBERGER, ET AL. 

Serial No. 09/ 

Filed: 

Art Unit: 1634 
Patent Examiner: 
D. Shoemaker 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 



A METHOD AND APPARATUS 
FOR HOLDING CELLS 



Pittsburgh, Pennsylvania 15213 
April 5, 1999 



PRELIMINARY AMENDMENT 



Please enter the following amendments to the above-identified application. 



IN THE CLAIMS: 



1. (Amended) An apparatus for holding a plurality of cells comprising: 



a mechanism for incubating the plurality of cells having a dynamically 
controlled environment in which the plurality of cells are grown, which is maintained in a 



desired condition and in which the plurality of cells can be individually examined while the 
environment is dynamically controlled and maintained in the desired condition; and 

a mechanism for determining the state of the cells, said determining mechanism 
in communication with the incubating mechanism, said determining mechanism includes an 
imagine mechanism which individually images each c ell of the plurality of cells in the 
incubating mechanism . 

Please cancel Claims 2-40 and 46. 

Please add the following claims. 

47. An apparatus as described in Claim 1 wherein the imaging mechanism 
includes a mechanism for phase contrast imaging to identify the state of each cell. 

48. An apparatus as described in Claim 47 wherein the phase contrast imaging 
compares images to each other serially to identify the state of the cells. 



49. An apparatus as described in Claim 1 wherein the imaging mechanism 
acquires two successive fluorescent images of each cell and compares them to each other 
serially to identify the state of each cell. 



50. An apparatus as described in Claim 1 wherein the imaging mechanism 
includes antibody type labels with different colors of dyes for use to detect the presence of cell 
surface markers. 

51 . An apparatus for incubating and determining the state of cells comprising: 

a mechanism for incubating cells having a dynamically controlled environment 
in which the cells are grown, which is maintained in a desired condition and in which 
individual cells can be examined in real time over time while the environment is dynamically 
controlled and maintained in the desired condition; and 

a mechanism for determining the state of the individual cells in real time over 
time, said determining mechanism in communication with the incubating mechanism. 

52. An apparatus as described in Claim 51 wherein the determining mechanism 
includes a mechanism for determining a biological event in the cell. 

53. An apparatus as described in Claim 52 wherein the determining mechanism 
includes a mechanism for determining when a cell has doubled. 



54. An apparatus as described in Claim 53 wherein the determining mechanism 
includes a mechanism for determining what stage a cell is in with respect to doubling. 

55. An apparatus as described in Claim 54 wherein the determining mechanism 
includes a mechanism for determining the stage of the cell based on a metabolic process the 
cell is experiencing. 

56. An apparatus as described in Claim 55 wherein the deterniining mechanism 
identifies the production or degration of proteins, simple or complex sugars, individual amino 
acids, individual ions, or individual molecules with respect to both physical presence and 
biological activity of the cell. 

57. An apparatus for growing cells comprising: 

a mechanism for incubating cells having a dynamically controlled environment 
in which the cells are grown, which is maintained in a desired condition and in which cells can 
be examined while the environment is dynamically controlled and maintained in the desired 
condition; and 

a mechanism for tracking and identifying division and differentiation of 
individual cells over time. 



58. An apparatus as described in Claim 57 wherein the incubating mechanism 
includes a first well in which a first cell is disposed and a second well in which a second cell is 
disposed, and including a mechanism for controlling the division and differentiation of the first 
cell and the second cell while the cells are in the incubating mechanism. 

59. An apparatus as described in Claim 58 wherein the controlling mechanism 
controls the division and differentiation of the first cell differently from the way it controls the 
division and differentiation of the second cell while the cells are in the incubating mechanism. 

60. An apparatus as described in Claim 59 wherein the first cell is a different 
type of cell then the second cell. 

61 . An apparatus as described in Claim 60 wherein the controlling mechanism 
includes a mechanism for limiting differentiation of the daughter cells of the first cell. 

62. An apparatus has described in Claim 61 wherein the identifying mechanism 
includes a mechanism for assessing synergistic or antagonistic effects of different combinations 
of factors on the cells. 

63. An apparatus as described in Claim 62 wherein the identifying mechanism 
includes a mechanism for identifying kinetic data for rates of cell division and differentiation. 



64. An apparatus as described in Claim 63 wherein the controlling mechanism 
controls the cell with transcriptional regulators and regulators associated with adherence in cell 
differences based on time. 



65. An apparatus for developing desired processes for control of a cell 

comprising: 

a mechanism for incubating a plurality of cells having a dynamically controlled 
environment in which the cells are grown, which is maintained in a desired condition and in 
which cells can be examined while the environment is dynamically controlled and maintained 
in the desired condition; 

a robotic mechanism including a robotic arm for dispensing and aspirating 
different material to each cell of the plurality of cells; and 

a mechanism for determining which materials enhance the desired process in 
regard to each cell of the plurality of cells. 

66. An apparatus as described in Claim 65 wherein the robotic mechanism 
varies the environment between a static environment and a dynamically changing environment. 



67. An apparatus as described in Claim 66 wherein the incubating mechanism 
includes a first well and a second well in which a first cell and a second cell are disposed, 
respectively, and wherein the determining mechanism includes a diagnostic mechanism in 
communication with the robotic mechanism for ascertaining the occurrence of a pre- 
determined biological event in the first and second wells. 

68. An apparatus as described in Claim 67 wherein the biological event 
includes growth, differentiation, expression or the secretion of a protein or hormone. 

69. An apparatus as described in Claim 68 wherein the robotic mechanism 
automatically dispenses or aspirates media to the first and second wells. 

70. An apparatus for growing cells comprising: 

a mechanism for incubating a first cell and at least a second cell having a 
dynamically controlled environment in which the first cell and at least the second cell are 
grown, which is maintained in a desired condition and in which the first cell and at least the 
second cell can be examined while the environment is dynamically controlled and maintained 
in the desired condition; 



a mechanism for individually controlling the division and differentiation of the 
first cell and at least the second cell while the cells are in the incubating mechanism, said 
controlling mechanism controls the division and differentiation of the first cell differently from 
the way it controls the division and differentiation of the second cell while the cells are in the 
incubating mechanism; and 

a mechanism for individually tracking and identifying division and 
differentiation of the first cell and at least the second cell over time. 

71. A method for growing cells comprising the steps of: 

incubating a first cell and at least a second cell in a dynamically controlled 
environment in which the first cell and at least the second cell are grown, which is maintained 
in a desired condition and in which the first cell and at least the second cell can be examined 
while the environment is dynamically controlled and maintained in the desired condition; and 

controlling the division and differentiation individually of the first cell and at 
least the second cell while the cells are in the controlled environment. 

72. A method as described in Claim 71 wherein the controlling step includes 
the step of controlling the division and differentiation of the first cell differently from the way 



the division and differentiation of the second cell are controlled while the first cell and the 
second cell are in the controlled environment. 

73. A method for developing desired processes for controlling cells comprising 

the steps of: 

incubating a plurality of cells in a dynamically controlled environment in which 
the cells are grown, which is maintained in a desired condition and in which the cells can be 
examined while the environment is dynamically controlled and maintained in the desired 
condition; 

dispensing and aspirating different material to each cell with a robotic arm of a 
robotic mechanism; and 

determining which materials enhance the desired processes in regard to each cell 
of the plurality of cells. 

74. An apparatus for holding a stem cell comprising: 
a mechanism for incubating the cell; 



a mechanism for determining a desired state of the cell connected to the 
incubating mechanism; and 

a mechanism for introducing quiescence media to the cell in the incubating 
mechanism when the cell is in the desired state to inhibit the proliferation or selected 
differentiation of the cell, said introducing mechanism connected to the incubating mechanism. 

75. An apparatus for holding a plurality of cells comprising: 

a mechanism for incubating the plurality of cells having a dynamically 
controlled environment in which the plurality of cells are grown, which is maintained in a 
desired condition and in which the plurality of cells can be individually examined while the 
environment is dynamically controlled and maintained in the desired condition, said incubating 
mechanism having a mechanism for controlling the environment about each cell in the 
incubating mechanism to maintain the environment about each cell in a desired condition; and 

a mechanism for determining the state of the cells, said determining mechanism 
in communication with the incubating mechanism. 
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76. An apparatus as described in Claim 75 wherein the controlling mechanism 
includes a mechanism for exchanging n media, where n is greater than or equal to 2, in the 
incubating mechanism. 



77. An apparatus as described in Claim 76 wherein the incubating mechanism 
includes m wells, where m is greater than or equal to 2, and the cell is disposed in a first of 
the m wells, and the exchanging mechanism exchanges n media in the first well. 

78. An apparatus as described in Claim 76 wherein n equals 96. 

79. An apparatus as described in Claim 75 including a mechanism for 
automatically testing for predetermined biological variables and engineered genes with respect 
to each cell. 

80. An apparatus for holding cells comprising: 
a mechanism for incubating the cells; and 

a robotic mechanism including a robotic arm for dispensing and aspirating 
different material, a mechanism for controlling the environment about each cell in the 



incubating mechanism to maintain the environment about each cell in a desired condition, to 
each cell of the plurality of cells. 



81. An apparatus as described in Claim 80 including a supply of antigen and a 
supply of fluorochrome connected to the robotic mechanism so antigen or fluorochrome can be 
dispensed to the cells in the incubating mechanism. 

82. An apparatus as described in Claim 65 wherein the determining mechanism 
determines how to insert transgenes to produce recombinant molecules. 

83. An apparatus as described in Claim 65 wherein the determining mechanism 
determines synergistic or antagonites affects of different combinations of factors on the cellular 
proliferation function or other matrix. 

84. An apparatus as described in Claim 65 wherein the imaging mechanism has 
a field and adjusts the position of the field to allow for cell movement while centering the cell 
in the field. 

85. A method as described in Claim 71 wherein the first cell is a glioblastoma 

cell. 
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86. An apparatus as described in Claim 80 wherein the incubating mechanism 
has wells which hold corresponding cells and wherein the robotic mechanism includes a pipette 
which transfers media from individual cells to the determining mechanism at predetermined 
intervals. 

87. An apparatus as described in Claim 80 wherein the robotic mechanism 
dispenses 1 to 95 microliters of media. 

88. An apparatus as described in Claim 80 including a liquid handling system 
connected to the robotic mechanism and a mechanism for cleaning of the liquid handling 
system with wash cycles. 

89. An apparatus as described in Claim 86 including P additional pipettes in 
communication with the wells, each pipette can either aspirate or dispense liquid to the wells, 
where P is an integer greater than or equal to 2. 

90. An apparatus as described in Claim 86 including a syringe pump connected 
to the pipette to aspirate or dispense liquid through the pipette. 

91. Apparatus as described in Claim 90 wherein the syringe pump includes a 
250 microliter syringe pump. 
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92. An apparatus as described in Claim 80 wherein the robotic mechanism 
includes a probe which, when placed in a well, identifies how much fluid is in the well. 

93. An apparatus as described in Claim 86 wherein the pipette can remove 
tissue culture media, nutrients or proteins from a well. 

94. An apparatus as described in Claim 1 wherein the imaging mechanism 
counts the number of cells in each well. 

95. An apparatus as described in Claim 80 wherein the determining mechanism 
analyzes tissue culture media in a well with either biochemical, immuno chemical, biological 
or chemical assays. 

96. An apparatus as described in Claim 1 wherein the imaging mechanism uses 
pattern recognition to correlate a state of a cell with a particular metabolic process of the cell. 

97. An apparatus as described in Claim 80 including a determining mechanism 
for testing for production or degradation of proteins, simple or complex sugars, individual 
amino acids, individual member ions than, individual molecules with respect to both physical 
presence and biological activity in the incubating mechanism, said determining mechanism 
connected with the incubating mechanism. 
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98. A method as described in Claim 73 wherein the cells are either single 
invertebrate cells, single vertebrate cells, single parasite organism, protozoan, bacterium, 
trypanosome, amoeba, fungus, muscle cells, fertilized ovum, glandular cells, endothelial cells, 
immunoreactive cells, T-cells, B-cells, Nk-cells, macrophage, neutrophil, basophil, mast-cells, 
eosinophil, hematopoeitic stem cells, keratinocyte cells, neuron cells, neural cells, glial cells, 
mesenchymal cells or mesenchymal stem cells, skin cells, embryonal stem cells, cells from a 
member of the phylum angiospermae (dicotyledoneae, monocotyledmeael), cells from a 
member of the phylum embryophyta (gymnospermae, filicineae, hepaticae, lycopodmeae, 
equisetineae), cells from a member of the class chlorophyta (green algae). 

99. An apparatus as described in Claim 86 wherein operation of the pipette is 
optimized when the fluid forces applied to the cells is minimized by retaining sufficient to 
flow. 

100. An apparatus as described in Claim 80 including a determining 
mechanism for obtaining kinetic data for the rates of cell division differentiation, said 
determining mechanism connected to the incubating mechanism. 

101. An apparatus as described in Claim 65 wherein the determining 
mechanism identifies trends and parameters corresponding with a time before doubling of the 
cell. 
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102. A method as described in Claim 41 including after the gathering step, 
there is the step up purifying human hematopoeitic stem cells. 

103. An apparatus as described in Claim 1 wherein the imaging mechanism 
recognizes when a cell doubles in the incubating mechanism by pattern recognition. 

104. An apparatus as described in Claim 1 wherein the determining mechanism 
includes a plurality of dyes, each dye associated with a different cell surface marker, to 
identify cell surface markers on a cell. 

105. A method as described in Claim 71 wherein the controlling step includes 
the step of maintaining the first cell in a quiescent state by disposing the first cell in a 
quiescence media. 

106. A method as described in Claim 105 including after the maintaining step, 
there is the step of introducing growth media to the first cell after a predetermined time the 
first cell is in a quiescent state. 

107. An apparatus as described in Claim 65 wherein the determining 
mechanism records cellular events in time while the robotic mechanism manipulates the 
environment about the cell. 
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108. An apparatus as described in Claim 107 wherein the determining 
mechanism records information relevant to direct growth of a cell or diagnose phenotypic 
outcome of a division of a cell. 

109. A method as described in Claim 105 wherein the maintaining step 
includes the step of timing how long the cell is in the quiescence media to determine whether 
the cell can recover and is able to start further growth. 

1 10. An apparatus as described in Claim 65 wherein the determining 
mechanism screens different medias for what keeps the cells alive or dividing and then causes 
the robotic mechanism to add different types of serum to see what would supplement the 
growth of the cells. 

111. An apparatus as described in Claim 34 wherein the determining 
mechanism determines phenotype regarding the first cell. 

112. A method as described in Claim 41 wherein the growth media is either 
IL-11, IL-6, IL-1, HG, G-CSF or Basic FGF. 
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113. A method as described in Claim 41 wherein the stem cell has a phenotype 
demonstrated by fluorescence antibody binding which is positive for CD34+ and negative for 
the lineage markers having CD38 and is either Thyl+ or Thyl-. 



114. An apparatus for culturing and analyzing cells, the apparatus comprising: 

a biochamber having a plurality of cell housing containers in which cells to be 
cultured may be introduced therein; 

a liquid handling system for providing exchange of media to the cells, the liquid 
handling system in fluid communication with the plurality of cell housing containers; 

an image recognition system for analyzing the cells, the image recognition 
system utilizing image recognition software; 

a stage for supporting the biochamber, the biochamber, liquid handling system 
and image recognition system being in movable registration with respect to one another 
whereby the liquid handling system and image recognition system can access different cell 
housing containers; and 
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a system controller capable of regulating interaction between the biochamber, 
liquid handling system, image recognition system and stage. 

115. The apparatus for culturing and analyzing cells according to Claim 114, 
wherein the image recognition system further includes a microscope comprising a camera for 
deriving images from the cells within the plurality of cell housing containers. 

116. The apparatus for culturing and analyzing cells according to Claim 115, 
wherein the derived images are processed by the image recognition software to determine 
cellular characteristics of the cells. 

117. The apparatus for culturing and analyzing cells according to Claim 116, 
wherein upon determination of particular cellular characteristics of the cells, the system 
controller is prompted to actuate the liquid handling system to provide exchange of media to 
the cells. 

118. The apparatus for culturing and analyzing cells according to Claim 114, 
wherein the liquid handling system aspirates, irrigates and dispenses the media to the cells. 

1 19. The apparatus for culturing and analyzing cells according to Claim 1 14, 
wherein the liquid handling system further includes a plurality of pipettes for providing the 
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exchange of media to the cells, the plurality of pipettes being movable along X, Y and Z 
dimensions with respect to the plurality of cell housing containers. 

120. The apparatus for culturing and analyzing cells according to Claim 114, 
wherein the stage displaces at least one of the plurality of cell housing containers with respect 
to the liquid handling system and the image recognition system. 

121. The apparatus for culturing and analyzing cells according to Claim 114, 
wherein the image recognition system is capable of determining varying cellular characteristics 
and the system controller regulates the biochamber and liquid handling system in response to 
the determined cellular characteristics. 

122. The apparatus for culturing and analyzing cells according to Claim 114, 
wherein the biochamber is respectively displaceable to both the liquid handling system and the 
image recognition system. 

123. The apparatus for culturing and analyzing cells according to Claim 114, 
wherein the biochamber is displaceable along X and Y lateral dimensions and the liquid 
handling system and image recognition system are displaceable along a Z dimension. 
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REMARKS 



This is a divisional application of U.S. patent application 08/741,628. 



Claims 1, 41-45 and 47-123 are currently active. 



Claims 2-40 and 46 have been canceled. 



Claim 1 has been amended. 



Claims 47-1 13 have been added. 



Antecedent support for Claim 1 is found on page 12, line 23. 



Antecedent support for Claim 47 is found on page 17, line 11 . 



Antecedent support for Claim 48 is found on page 42, lines 17-20. 



Antecedent support for Claim 49 is found on page 42, line 30. 



Antecedent support for Claim 50 is found on page 43, lines 23-34. 
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Antecedent support for Claim 52 is found on page 33, line 12-page 34, line 6. 

Antecedent support for Claim 53 is from on page 33, line 12-page 34, line 6. 

Antecedent support for Claim 54 is from on page 33, line 12-page 34, line 6. 

Antecedent support for Claim 55 is found on page 30, lines 3-9. 

Antecedent support for Claim 56 is from on page 30, lines 10-14. 

Antecedent support for Claim 57 is found in Claim 1 and on page 33, line 
12-page 34, line 6. 

Antecedent support for Claim 58 is found on page 46, lines 11-20. 

Antecedent support for Claim 59 is found on page 52, lines 1-22. 

Antecedent support for Claim 60 is found on page 14, line 15-page 15, line 10. 

Antecedent support for Claim 61 is found on page 49 and page 16. 



Antecedent support for Claim 62 is found on page 30, lines 3-9. 

Antecedent support for Claim 63 is found on page 32, lines 25-26. 

Antecedent support for Claim 64 is found on page 51, lines 21-23. 

Antecedent support for Claim 65 is found in Claim 1, page 14, lines 3-10 and 
page 30, lines 6-9. 

Antecedent support for Claim 66 is found on page 16, lines 5-6. 

Antecedent support for Claim 67 is found on page 14, lines 8-10. 

Antecedent support for Claim 68 is found on page 27, line 23 and line 29. 

Antecedent support for Claim 69 is found on page 14, lines 4-5. 

Antecedent support for Claim 70 is found in Claim 1 and on page 12, lines 

23-27. 
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Antecedent support for Claim 71 is found on page 23, lines 16-20 and page 52, 

line 7-22. 

Antecedent support for Claim 72 is found on page 23, lines 16-20 and page 52, 

line 7-22. 

Antecedent support for Claim 73 is found on page 23, lines 16-20 and page 52, 

line 7-22. 

Antecedent support for Claim 74 is found on page 4, lines 12-14. 
Antecedent support for Claim 75 is found in figure 1. 
Antecedent support for Claim 76 is found on page 6, lines 20-30. 
Antecedent support for Claim 77 is found on page 6, lines 20-30. 
Antecedent support for Claim 78 is found on page 18, line 5. 
Antecedent support for Claim 79 is found on page 9, lines 9-15. 
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Antecedent support for Claim 80 is found on page 14, lines 8-10. 

Antecedent support for Claim 81 is found on page 8, lines 24-28. 

Antecedent support for Claim 82 is found on page 15, lines 19-20. 

Antecedent support for Claim 83 is found on page 16, lines 14-18. 

Antecedent support for Claim 84 is found on page 22, lines 5-6. 

Antecedent support for Claim 85 is found on page 23, lines 1-3. 

Antecedent support for Claim 86 is found page 24, lines 10-14. 

Antecedent support for Claim 87 is found on page 24, lines 18-19. 

Antecedent support for Claim 88 is found on page 24, lines 25-29; page 26, 
lines 27-31 and page 31, lines 11-13. 

Antecedent support for Claim 89 is found on page 26, lines 19-20. 
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Antecedent support for Claim 90 is found on page 24 , line 29-30. 

Antecedent support for Claim 91 is found on page 24, lines 29-30. 

Antecedent support for Claim 92 is found on page 25, lines 29-30. 

Antecedent support for Claim 93 is found on page 27, lines 21-24. 

Antecedent support for Claim 94 is found on page 27, lines 24-26. 

Antecedent support for Claim 95 is found on page 27, lines 22-31; page 28, 
page 29 and page 30, lines 1-2. 

Antecedent support for Claim 96 is found on page 30, line 6-9. 

Antecedent support for Claim 97 is found on lines 10-14. 

Antecedent support for Claim 98 is found on pages 14 and 15. 

Antecedent support for Claim 99 is found on page 31, lines 22-23. 
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Antecedent support for Claim 100 is found on page 32, lines 25-26. 



Antecedent support for Claim 101 is found on page 33, lines 1-9. 



Antecedent support for Claim 102 is found on pages 34, lines 14-16. 



Antecedent support for Claim 103 is found on page 39, lines 14-15. 



Antecedent support for Claim 104 is found on page 44, line 5-8. 



Antecedent support for Claim 105 is found on page 45, lines 25-27. 



Antecedent support for Claim 106 is found on page 46, lines 6-10. 



Antecedent support for Claim 107 is found on page 50, lines 1-8. 



Antecedent support for Claim 108 is found on page 50, lines 1-8. 



Antecedent support for Claim 109 is found on page 53, lines 2-3. 



Antecedent support for Claim 110 is found on page 52, lines 14-19. 
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Antecedent support for Claim 111 is found on page 31, lines 22-23. 
Antecedent support for Claim 112 is found on page 38, lines 2-3. 
Antecedent support for Claim 113 is found on page 38, lines 10-12. 
Antecedent support for Claim 114 is found on page 12, lines 6 through page 14, 

line 10. 

Antecedent support for Claim 115 is found on page 12, lines 30 and 31. 

Antecedent support for Claim 116 is found on page 39, lines 26-28. 

Antecedent support for Claim 117 is found on page 14, lines 3-10. 

Antecedent support for Claim 118 is found on page 14, lines 3-10. 

Antecedent support for Claim 119 is found on page 26, lines 19-20 and page 
31, lines 1 and 8. 

Antecedent support for Claim 120 is found on page 39, lines 7-31 . 
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Antecedent support for Claim 121 is found on page 39, lines 26-31. 



Antecedent support for Claim 122 is found on page 31, lines 8-14. 



Antecedent support for Claim 123 is found on page 31, lines 1 and 8. 



In view of the foregoing amendments and remarks, it is respectfully requested 



that Claims 1, 41-45 and 47-123, now in this application be allowed. 



Respectfully submitted, 

JOEL S. GREENBERGER, ET AL. 



Ansel M. Schwartz, Esquire 
Reg. No. 30,587 
One Sterling Plaza 
201 N. Craig Street, Suite 304 
Pittsburgh, PA 15213 
(412) 621-9222 

Attorney for Applicants 
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A METHOD AND APPARATUS FOR HOLDING CELLS 



F IELD Of THE INVENTION 

The present invention is related to an apparatus for 
holding cells. More specifically, the present invention is related 
5 to an apparatus for incubating cells so that an array of single 
cells, or a functional ensemble, can be grown and individually 
analyzed in a dynamically controlled environment ♦ 

BACKGROUND OF THE INVENTION 

J In adult humans, hematopoeitic stem cells are found 

iM) primarily in the bone marrow, although in newborns these cells also 
~7: are present in the blood of the umbilical cord. Hematopoeitic stem 
D cells are the progenitors (i.e., precursors) of mature blood cells 
*fj in the body, and through a process called hematopoiesis, stem cells 
* continuously regenerate the body's blood supply, including red 
ij blood cells (which transport oxygen in the body) , white blood cells 
i (which fight infections and comprise the body's immune system), and 
-S platelets (which form clots to stop bleeding) . Hematopoiesis 
% involves cell division (i.e., increase in cell number) and 
differentiation (i.e., change in cell phenotype) . Chemotherapy and 
20 radiation therapy are important tools for treating patients with 
cancer or requiring solid-organ transplants, but these processes 
are (beneficially) toxic to the hematopoeitic (i.e., blood) system 
because chemotherapy and ionizing irradiation kill many of the stem 
cells in the bone marrow. This immunosuppression and other blood 
25 toxicity limit the effectiveness of many otherwise promising cancer 
therapies because a critical low number of blood cells in the body 
lead to life-threatening infection and bleeding. 

Recovery from these therapies requires replenishment of 
the patient's stem cells. Treatment with growth factors currently 
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is used to promote the recovery of blood cells but is only 
partially effective following immunosuppressive treatments. 
Alternatively, infusion of human stem cells through a bone marrow 
transplant increasingly is used by physicians to restore rapidly 
5 and permanently a patient's ability to regenerate blood cells. 
Transplants of bone marrow grew from 5,000 per year in 1990 to more 
than 40,000 per year by 1995 (Kline, Ronald, New Marrow for Old, 
Technology Review, Nov. /Dec. 1993, p. 43; Anonymous Inside Surgery, 
Medical Data International Ed., Vol. 3, No. 8, Feb. 1996, p. 192). 
10 However, the large number of reports in the media citing people 
p who are looking for appropriate bone marrow donors demonstrates 
^ that this process can be extremely difficult because appropriate 
• § donors are very rare in many cases. Although the best bone marrow 
donors are siblings, only 25% of the time is a sibling a compatible 
i"ls transplant donor (Kline, Ronald, New Marrow for Old, Technology 
P Review, Nov. /Dec. 1993, p. 43). 

The automated growth of stem cells through the use of a 
^ unique bioreactor system would be a very important advance for 
lf% cancer research and therapy. For example, the use of the 
tf§0 bioreactor system could eliminate the need for donors: some stem 
cells can be removed from a patient prior to chemotherapy, stored 
during chemotherapy, and then large numbers of stem cells generated 
in the bioreactor system can be transplanted back into the patient. 
This strategy cannot be implemented with current technologies for 
25 growing stem cells because these approaches predominantly result in 
hematopoeitic expansion to produce differentiated mature blood 
cells at the expense of increasing the number of pluripotent (most 
primitive) stem cells needed for long-term replenishment of the 
bone marrow (Van Zant, Gary, Rummel, Sue A. f Koller, Manfred R. 7 
30 Larson, David B., Drubachevsky , liana, Palsson, Mahshid and 
Emerson, Stephen G. Expansion in Bioreactors of Human Progenitor 
Populations from Cord Blood and Mobilized Peripheral Blood. Blood 
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Cells (1994) 20:482-491; Goff, Julie P., Shields, Donna S., 
Petersen, Bryon E. , Zajac, Valerie F. , Michalopoulos, George K. and 
Greenberger, Joel S. Synergistic Effects of Hepatocyte Growth 
Factor on Human Cord Blood CD34+ Progenitor Cells are the Result of 
5 c-met Receptor Expression. Stem Cells (In Press); Moore, MAS. 
Clinical Implications of Positive and Negative Hematopoeitic Stem 
Cell Regulators. Blood 1991; 78:1-19; Metcalfe, D. Hematopoeitic 
Regulators: Redundancy or Subtlety? Blood 1993; 82:3515-3523; 
Bernstein, I.D., Andrews, R.G., Zsebo, K*M. Recombinant Human Stem 
10 Cell Factor Enhances the Formation of Colonies by CD34+ and 
□ CD34+lin- Cells and the Generation of Colony-Forming Cell Progeny 
From CD34+lin- Cells Cultured With Interleukin-3 , Granulocyte 
[f? Colony-Stimulating Factor, or Granulocyte-Macrophage 
fU Colony-Stimulating Factor. Blood 1991; 77:2316-2321; Musashi, M. 
ji5 Clark, S.C., Suodo, T. et al. Synergistic Interactions Between 
ol Interleukin-11 and Interleukin-4 in Support of Proliferation of 
:L Primitive Hematopoeitic Progenitors of Mice. Blood 1991; 
j= 78:1448-1451; Musashi, M., Yang, Y-C, Paul, S.R. et al. Direct and 
H Synergistic Effects of Interleukin-11 on Murine Hemopoiesis in 
%0 Culture. Proc Natl Acad Sci 1991; 88:765-769; Migliaccio, G., 
yi Migliaccio, A.R., Druzin, M.L. et al. Long-Term Generation of 
Colony-Forming Cells in Liquid Culture of CD34+ Cord Blood Cells in 
the Presence of Recombinant Human Stem Cell Factor. Blood 1992; 
79(10) :2620-2627; Ikuta, K. , Weissman, I.L. Evidence That 
25 Hematopoeitic Stem Cells Express Mouse C-Kit but do not Depend on 
Steel Factor for Their Generation. Proc Natl Acad Sci USA 1992; 
89:1502-1506; Miltenyi, S., Guth, S., Radbruch, A. et al. Isolation 
of CD34+ Hematopoeitic Progenitor Cells by High-Gradient Magnetic 
Sorting. In: Wunder E. , ed Hematopoeitic Stem Cells: Alpha Med 
30 Press 1994; 201-213; Traycoff, CM. , Kosak, S.T., Grigsby, S., 
Srour, E.F. Evaluation of Ex Vivo Expansion Potential of Cord 
Blood and Bone Marrow Hematopoeitic Progenitor Cells Using Cell 
Tracking and Limiting Dilution Analysis. Blood 85, No. 8:2059-2068 
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(April 15) 1995; Murray, L., Chen, B., Galy, A., Chen, S., 
Tushinski, R. , Uchida, N. , Negrin, R. , Tricot, G. , Jagannath, S., 
Vesole, D. , Barlogie, B. , Hoffman, R., Tsukamoto , A, Enrichment of 
Human Hematopoeitic Stem Cell Activity in the CD34+Thy-1+Lin- 
5 Subpopulation from Mobilized Peripheral Blood. Blood 85, No. 
2:368-378 (January 15) 1995; Uchida, N. , Aguila, H.L., Fleming, 
W.H., Jerabek, L., Weissman, I.L. Rapid and Sustained 

Hematopoeitic Recovery in Lethally Irradiated Mice Transplanted 
with Purified Thy-1.1 Lin-Scal+ Hematopoeitic Stem Cells. Blood 
10 83, No. 12:3758-3779 (June 15) 1995). 

\0 The underlying biological problem is that differentiated 

^ daughter cells — termed "committed progenitors" — produce and 
fyj secrete molecules that appear to inhibit the proliferation of 
U nearby true stem cells (Ogata, H. , Bradley, W.G., Inaba, M. , Ogata, 
S|5 N. , Ikehara, S., Good, R.A. Long-Term Repopulation of 

s Hematolymphoid Cells With Only a Few Hemopoietic Stem Cells in 
*i Mice. Proc. Natl. Acad. Sci. USA. 92:5945-5949, June 1995; Li, 
U C.L., Johnson, G.R. Murine Hematopoeitic Stem and Progenitor 
i: Cells: I. Enrichment and Biologic Characterization. Blood 85, No. 
§0 6:1472-1479 (March 15) 1995; Dunbar, C.E., Cottier-Fox, M. , 
0 1 Shaughnessy, J. A., Doren, S., Charter, C, Berenson, R. , Brown, 
S., Moen, R.C., Greenblatt, J., Stewart, F.M., Leitman, S.F., 
Wilson, W.H., Cowan, K. , Young, N.S., Nienhuis, A.W. Retrovirally 
Marked CD3 4 -Enriched Peripheral Blood and Bone Marrow Cells 
25 Contribute to Long-Term Engraftment After Autologous 
Transplantation. Blood 85, No. 11:3048-3057 (June 1) 1995; 
Traycoff, CM. , Kosak, S.T., Grigsby, S., Srour, E.F. Evaluation 
of Ex Vivo Expansion Potential of Cord Blood and Bone Marrow 
Hematopoeitic Progenitor Cells Using Cell Tracking and Limiting 
30 Dilution Analysis. Blood 85, No. 8:2059-2068 (April 15) 1995; 
Murray, L. , Chen, B., Galy, A., Chen, S., Tushinski, R. , Uchida, 
N. , Negrin, R. , Tricot, G., Jagannath, S., Vesole, D. , Barlogie, 
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B., Hoffman, R. , Tsukamoto, A. Enrichment of Human Hematopoeitic 
Stem Cell Activity in the CD34+Thy-1+Lin- Subpopulation from 
Mobilized Peripheral Blood. Blood 85, No. 2:368-378 (January 15) 
1995; Uchida, N. , Aguila, H.L., Fleming, W.H. , Jerabek, L. , 
5 Weissman, I.L. Rapid and Sustained Hematopoeitic Recovery in 
Lethally Irradiated Mice Transplanted with Purified Thy-1.1 
Lin-Scal+ Hematopoeitic Stem Cells. Blood 83, No. 12:3758-3779 
(June 15) 1995); Issaad, C. , Croisille, L. , Katz, A., Vainchenker, 
W., Coulombel, L. A Murine Stromal Cell Line Allows the 
10 Proliferation of Very Primitive Human CD34+ +/CD38- Progenitor 
? =s Cells in Long-Term Cultures and Semisolid Assays. Blood 81, No. 
5 11:2916-2924 (June 1) 1993; Pettengell, R. , Luft, T., Henschler, 
r l R., Hows, J.M., Dexter, T.M., Ryder, D., Testa, N.G. Direct 
ffj Comparison by Limiting Dilution Analysis of Long-Term 
jjjs Culture-Initiating Cells in Human Bone Marrow, Umbilical Cord 
m Blood, and Blood Stem Cells. Blood 84, No. 11:3 653-3659 (December 
5 1) 1994; Greenberger, J.S. Long-Term Hematopoeitic Cultures. In: 
? Golde D, (ed) . Methods in Hematology. New York: Churchill 
U Livingston, 11:203-243, 1984; Rothstein, L., Pierce, J.H., 
{o Aaronson, S.A., Greenberger, J.S. Amphotropic Retrovirus Vector 
In Transfer of the v-ras Oncogene Into Human Hematopoeitic and Stromal 
Cells in Continuous Bone Marrow Culture. Blood. 65:744-752, 1985; 
Greenberger, J.S. Recent Modifications and Technical Improvements 
in Human Long-Term Bone Marrow Cultures. Proceedings of the 
25 Symposium on Long-Term Bone Marrow Culture, Kroc Foundation, 
September 1983, Alan R. Liss, New York, pp. 119-133, 1984; 
Greenberger, J.S. The Hematopoeitic Microenvironment . Critical 
Reviews in Hem/One, Elsevier Science Publications B.V. 11:65-84, 
1991; Goff, J. P., Shields, D.S., Michalopoulos, G.K. , Greenberger, 
30 J.S. Synergistic Effects of Hepatocyte Growth Factor on In Vitro 
Generation of CFU-FM From Human Cord Blood CD34+ Progenitor Cells. 
Thirty-Sixth Annual Meeting of the American Society of Hematology, 
Nashville, TN, 12/1/94-12/6/94. Blood, 84 (10) : Suppl. #280A, 1994; 



-11- 



Figure 4a is an overhead view of a representation of 
another embodiment of the present invention. 

Figure 4b is a side view of a representation of a z-robot 
pipette for media change operations. 

Figure 4c is a schematic representation of a z-robot 
pipette with diagnostic elements. 

Figure 4d is a schematic representation of an alternative 
embodiment of the housing with the chamber of the system. 

Figure 5 is a series of photographs showing a stem cell 

dividing. 

Figure 6 is a flow chart of the operational mode of the 

system. 

Figures 7a and 7b are immunof luorescently stained human 
umbilical cord blood cells for the expression of CD34, Thyl, and 
lineage specific markers, respectively. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the drawings wherein like reference 
numerals refer to similar or identical parts throughout the several 
views, and more specifically to figures la-le, 4a and 4b thereof, 
there is shown an system 3 00 for holding cells. The system 300 
comprises a mechanism 200 for incubating cells having a dynamically 
controlled environment in which the cells are grown, which is 
maintained in a desired condition and in which cells can be 
examined while the environment is dynamically controlled and 
maintained in the desired condition. The system 300 also comprises 
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a mechanism 202 for determining the state of the cells. The 
determining mechanism 202 is in communication with the incubating 
mechanism 200. 

The incubating mechanism 200 preferably includes a 
housing 204 having a Biochamber 10 in the housing 204. The 
incubating mechanism 200 preferably includes a first well 206 and 
at least a second well 208 in which cells are grown. The first and 
second wells are disposed in the Biochamber 10 of the housing 2 04. 
The incubating mechanism 200 preferably comprises a transparent 
plate 2 07 in which the first and second wells are disposed. 

The housing 204 preferably has a first port mechanism 210 
through which the first and second wells in the Biochamber 10 can 
be viewed. The first port mechanism 210 preferably includes a 
first window 209 disposed in the top of the housing 204 and a 
second window 211 disposed in the bottom of the housing 2 04 and in 
optical alignment with the first window 209 to form an optical path 
for light entering the first window 209 from outside the housing 
204 and to exit the housing 204 through the second window 211. The 
housing 204 preferably has a second port mechanism 214 in fluid 
communication with the Biochamber 10. 

The determining mechanism 202 preferably includes an 
imaging mechanism 212 disposed adjacent the first port mechanism 
210 which engages the cells in the first and second wells. The 
25 imaging mechanism 212 preferably comprises a computer 42 for 
identifying whether a cell in the first well 206 or the second well 
2 08 has multiplied. The computer 42 is connected to the imaging 
mechanism 212 to receive images from the first and second wells 
from the imaging mechanism 212. The imaging mechanism 212 
3 0 preferably comprises a microscope mechanism 220 which view the 
first and the second wells. The microscope mechanism 220 is 
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disposed adjacent the first port mechanism 210. The microscope 
mechanism 220 is in communication with the computer 42. The 
determining mechanism 202 preferably includes a moving mechanism 
224 for moving the first and second wells relative to the 
microscope mechanism 220 so the microscope mechanism 220 can view 
the cells in the first and second wells. The determining mechanism 
202 preferably includes a joystick 30 connected to the microscope 
mechanism 220 to control the position of the microscope mechanism 
220 relative to the first and second wells. The joystick function 
can also be controlled directly through computer 42. 

The imaging mechanism 212 preferably comprises a camera 
mechanism 222 for imaging the cells in the first and second wells. 
The camera mechanism 222 is connected to the microscope mechanism 
220 such that the camera mechanism 222 takes images of the cells in 
the first and second wells through the microscope mechanism 220. 
The camera mechanism 222 is connected to the computer 42. 

Preferably, the incubating mechanism 2 00 includes a 
mechanism 216 for controlling the environment in the Biochamber 10. 
The environment controlling mechanism 216 is connected with the 
second port mechanism 214. The environment controlling mechanism 
216 preferably includes a heating mechanism 218 in thermal 
communication with the Biochamber 10 to maintain the cells in the 
first and second wells at a desired temperature. The environment 
controlling mechanism 216 preferably comprises a mechanism 22 6 for 
controlling media pH in the first and second wells in communication 
with the Biochamber 10, and the environment controlling mechanism 
216 preferably also comprises a mechanism 228 for controlling 
pressure in the Biochamber 10 in communication with the Biochamber 
10. The controlling media pH mechanism 228 preferably includes a 
C0 2 controller 14 with tank 16 and sensor 66. The C0 2 affects the 
pH of the media in a well as is well known in the art. The 
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controlling pressure mechanism 228 preferably includes a pressure 
relief fitting 7 0 and pressure relief valve 72. 

The incubating mechanism 2 00 preferably includes a 
robotic mechanism 23 0 for automatically dispensing and aspirating 
5 media to and from the first or second wells. The robotic mechanism 
230 includes a reservoir mechanism 232 for fresh and waste media 
regarding the first and second wells. The determining mechanism 
202 includes a diagnostic mechanism 234 in communication with the 
robotic mechanism 23 0 for ascertaining an occurrence of a 
pJ-O predetermined biological event in the first or second wells. 

s :f The biological unit is any type of living organism which 

f[| divides for reproduction like a prokaryotic or eukaryotic cell such 
y as animal or plant cell including but not limited to: 



a a. Single invertebrate cell 

l i5 b. Single vertebrate cell 

I* c. Single parasite organism 

% d. Single micro-organism (protozoan, bacterium, 

*g trypanosome, amoeba, fungus) 

e. A mammalian cell including but not limited to: 



20 1. Muscle cell 

2. Fertilized ovum 

3. Glandular cell 

4. Endothelial cell 

5. Immunoreactive cell (T-cell, B-cell, Nk-cell, 
25 macrophage, neutrophil, basophil, mast-cell, 

eosinophil) 

6. Hematopoeitic stem cell 

7 . Keratinocyte 

8. Neuron or neural cell including glial cell 
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9. Mesenchymal cell or mesenchymal stem cell 

10. Skin cell 

11. Embryonal stem cell 

f . A plant cell including but not limited to: 



5 1. 

2. 

10 

i 3. 

3 Also, the biological unit can be protozoa, bacteria, 

[J single and multicellular organisms, as well as embryonic life 
r is forms, including fish, amphibians, reptiles, and all vertebrata. 
3 This can also apply to plant cells, as mentioned above, whether 
J they are single-celled such as algae, slime, molds, yeasts, and 
C other small single and multicellular organisms. It is possible 
If that some of these organisms will be important for inserting 
20 transgenes to produce recombinant molecules that will be of value 
in the pharmaceutical or chemical industries, and the Biochamber 10 
can be used in all of those kinds of experiments. 



A cell from a member of the phylum 
angiospermae (dicotyledoneae, 
monocoty ledmeael ) 

A cell from a member of the phylum embryophyta 
(gymnospermae , f ilicineae , hepaticae , 
lycopodmeae, equisetineae) 

A cell from a member of the class chlorophyta 
(green algae) 



The present invention pertains to a method for holding 
cells. The method comprises the steps of incubating the cells in 
25 a dynamically controlled environment which is maintained in a 
desired condition and in which the cells can be examined while the 
environment is dynamically controlled and maintained in the desired 
condition. Additionally, there is the step of determining the 
state of the cells. 



-16- 



The operation of the preferred embodiment is now 
described. Concerning biological research, a statistically 
significant array of single cells can be observed at the individual 
and descendent levels in real time to ascertain how cellular growth 
5 and differentiation are altered by a static or dynamically 
controlled environment. This capability exceeds that provided by 
current technologies such as suspension culture coupled with flow 
cytometry. In such systems, information with good time resolution 
is unattainable due to hazards or contamination risks associated 
10 with breaching the cultivation system for sampling. Additionally, 
flow cytometry provides population constituent information, but the 

2 mother-daughter relationship information is not preserved during 
U analysis. Hence, vital information is routinely lost. 

5 For technologists, the system 300 will enable a more 

[is rapid and complete assessment of the synergistic and/or 
antagonistic effects of different combinations of factors (e.g. 

3 hormones, cytokines, radiation, surface treatments, environment, 
J etc.) on cellular proliferation, function, and other metrics. The 
g system 300 allows this purpose to be achieved. 

20 Figure la provides an overall schematic of one embodiment 

of an automated single-cell culture system; Table I provides a 
detailed description of the components in Figure la. Figures Ib-le 
provide a more detailed set of schematics for the Chamber for one 
embodiment of the automated single-cell culture system 300; Table 

25 II provides a detailed description of the components of the 
Biochamber 10. 

A preferable strategy used in the system 3 00 entails 
periodic monitoring and analysis of cells housed in 3 00 /zL wells of 
a disposable, plastic 96-well plate 207 under a sterile, controlled 
30 environment using a robotic imaging system (Fig. la, 20-46) . Cells 
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are observed using an Inverted Microscope 20 with extra-long 
working distance (ELWD) condenser and phase-contrast objectives and 
epif luorescence attachments • Digitized phase-contrast images of 
cells are obtained using a Video-Rate CCD Camera 32 connected to a 
PixelPipeline Imaging Board 38 installed in a Macintosh Quadra 950 
42 through a Time-Lapse VCR 36; the Time-Lapse VCR records images 
for long-term archiving of image data. Digitized fluorescence 
images of cells are obtained using a Cooled CCD Camera 34 connected 
directly to an interface board in the Quadra 950. Imaging 
operations on the Quadra 950 are performed using Oncor-Image 
software. Both phase-contrast and fluorescence images are 
displaced on the Computer Monitor 4 6 using a Video Board 44 
installed in the Quadra 950. Phase-contrast images also are 
displaced on a High-Resolution Video Monitor 40. 

The robotic components of the imaging system (Fig. la, 18 
and 22-30) are controlled by a Microscope Controller 28 which 
itself is controlled by commands from the Quadra 950 using Oncor- 
Image software through a RS-232 interface. The Biochamber 10 is 
secured on a Motorized Stage 18 mounted on the Inverted Microscope 
20. The Motorized Stage 18 has a resolution of 0.1 /xm, an accuracy 
of ±6 /xm, and a repeatability of 2 jum. Preferably, the Biochamber 
10 itself with Motorized Stage 18 mounts directly on the Inverted 
Microscope 20. Focus control is achieved for each well using a 
Motorized Focus Drive Assembly and Controller 22 mounted on the 
focusing knob of the Inverted Microscope 20. Illumination is 
switched between transmitted light for phase-contrast imaging and 
epillumination for fluorescence imaging using a High-Speed Shutter 
for Transmitted Light 24 and a High-Speed Dual Filter Wheel with 
Shutter for Fluorescence 26. The Motorized Focus Drive Assembly 
and Controller 22, the motorized stage 18, the High-Speed Shutter 
for Transmitted Light 24, and the High-Speed Dual Filter Wheel with 
Shutter for Fluorescence 26 are connected electrically to the 



Microscope Controller 28. Initial x-y positioning of the Motorized 
Stage 18 stage and z-focal planes for each well are chosen using a 
Joystick 30 connected to the Microscope Controller 28 or by the 
computer 42. 

Cells are maintained in individual wells of 96-well 
plates under a sterile, controlled environment (i.e., physiological 
temperature, pH, p0 2 , and humidity) inside a anodized aluminum 
Biochamber 10 with glass windows on top and bottom to provide an 
optical path for imaging. There are two embodiments for the system 
3 00: a Biochamber 10 (Fig. la and Table I) and a Biochamber 10 
also with z -robot for medium exchange, as shown in figures 4a-4d. 
The Biochamber 10 for the first embodiment (described in detail in 
Figs Ib-e and Table II) is approximately 6" by 5" by 2" high. 
Temperature is regulated using a Thermocouple 58, Temperature 
Controller 12, and Heating Cartridges 62. Media pH is maintained 
using standard bicarbonate-based buffers and a C0 2 Controller 14 
which sets atmospheric pC0 2 at 5% by regulating the flow of C0 2 from 
a C0 2 Supply Tank with Regulator 16 through a solenoid valve based 
on signals from a detachable C0 2 Sensor 66 mounted on the side of 
the Biochamber 10. Pressure inside the Biochamber 10 is fixed by 
a Pressure Relief Valve 72. Control of p0 2 in the Biochamber 10 
can be maintained similarly through a sensor and supply interfaced 
through two additional chamber frontports. Fast response dynamics 
and stable control are insured by rapidly mixing the Chamber's 
atmosphere using a pinwheel turbine 78 driven externally by house 
air. 

Several parts of the Biochamber 10 are maintained in an 
assembled state at all times. Glass Observation Windows 54 are 
cemented into the base of the Chamber Body 50 and Chamber Cover 52; 
the Glass Observation Windows can be removed for replacement but 
are not routinely because their removal requires breakage. The 
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Thermocouple Fitting 60 is screwed into the right face of the 
Chamber Body; the C0 2 Supply Fitting 68, Pressure Relief Fitting 
70, and three Unused Port Plugs 74 are screwed into the front face 
of the Chamber Body. The turbine is assembled by securing one of 
5 the Turbines 78 to the Turbine Shaft 80 with a Brass Bushing 82, 
4 screwing the two House Air Fittings 90 into opposing side faces of 
the Turbine Housing 76, inserting the turbine-shaft assembly into 
the Turbine Housing such that a Turbine is housed in the Turbine 
Housing, and securing the remaining Turbine to the Turbine Shaft 
10 with the remaining Brass Bushing, Next, the Turbine Housing O-Ring 
86 is placed in a groove on the front face of the Turbine Housing, 
; the Turbine Back Plate O-Ring 88 placed in a groove on the back 
U face of the Turbine Housing, the Turbine Housing Back Plate 84 
H placed on the back face of the Turbine Housing by lining up the 
315 groove on the Turbine Housing Back Plate with the Turbine Back 
n Plate 0-Ring, and the assembly mounted onto the back face of the 
Chamber with two 1 1/4" x 3/16" hex-nut headed screws. These 
3 screws are tightened to form gas-tight seals between the Chamber 
\ Body and the Turbine Housing and between the Turbine Housing and 
p20 Turbine Housing Back Plate. 

In operation, before use the disassembled Biochamber 10 
is autoclaved with 121° C steam for 15 minutes for sterility. All 
components of the Chamber (50-90 in Table II) are sterilized except 
for the Thermocouple 58, C0 2 Sensor 66 and the Pressure Relief 

25 Valve 72. The C0 2 Sensor and Thermocouple are sterilized by 
swabbing with a 70% aqueous solution of ethanol in the sterile 
environment of a laminar flow hood. The sterilized components are 
removed from the autoclave and placed in the laminar flow hood 
along with a disposable 96-well plate 207 containing cells. The 

30 96-well plate 207 has been maintained at 37° C in a humidified 
atmosphere of 5% C0 2 since cells were plated. The procedure for 
plating cells is described subsequently in this application. Spare 
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wells in the plate in which cells were not plated are previously 
filled with 100 /xL of sterile distilled water to maintain 95*100% 
humidity inside the enclosed Chamber. The C0 2 Sensor is mounted on 
the right face of the Chamber Body 50 by tightening two 1 1/2" x 
5 3/16" hex-nut headed screws. The Pressure Relief Valve 72 is 
connected to the Pressure Relief Fitting 70 with tygon tubing. 
Next, the plate 207 is placed carefully into the inset on the 
bottom of the Chamber Body 50 and secured with a spring clip. The 
Thermocouple is inserted into the Chamber through the Thermocouple 
10 Fitting 60 and tightened into place with a Teflon fastener on the 
Thermocouple Fitting. The Chamber is enclosed by placing the 
5 Chamber Cover Gasket 56 in a groove on the top face of the Chamber 
U Body and securing the Chamber Cover 52 in place on top of the 
f t Chamber Body and Chamber Cover Gasket by tightening eight 0.50" x 
315 0.19" hex-nut headed screws. Chamber assembly is completed by 
■J securing the two Heating Cartridges 62 into channels in side walls 
of the Chamber Body from ports in the front face of the Chamber 
3 Body using one Heating Cartridge Retaining Screw 64 each. 

p Environmental control within the Biochamber 10 is 

SO maintained by regulating temperature and the partial pressure of 
C0 2 with two control systems. The Thermocouple 58 is connected by 
insulated electrical wire to the input junction of the Temperature 
Controller 12. The two Heating Cartridges 62 are connected by 
insulated electrical wire to the output junctions of the 
25 Temperature Controller. The C0 2 Sensor 66 is connected 
electrically to the input junction of the C0 2 Controller 14. The 
output gas stream from the C0 2 Sensor is connected to the C0 2 Supply 
Fitting 68 on the front face of the Chamber and the C0 2 Supply Tank 
with Regulator 16 connected to the input gas stream to the C0 2 
3 0 Sensor. The assembled Biochamber 10 with environmental controls is 
allowed to thermally and atmospherically equilibrate for one to two 
hours before placement on the Motorized Stage 18. Temperature and 
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pC0 2 are controllable to 37±0.5 °C and 5±0.2%, respectively, over 
the course of several days. 

The Biochamber 10 with environmental controls next is 
secured on the Motorized Stage 18 with a spring mount. Cells for 
5 observation are chosen by scanning wells using the Motorized Stage 
and Joystick 30 and phase-contrast and fluorescence optics. Image 
fields of individual wells containing cells for further 
investigation are selected based on clarity of images. For each 
well, one or more fields are selected. After selection of fields 
10 from up to preferably 96 wells for observation, the user initiates 
O the automated part of the imaging and analysis by selecting the 
ry appropriate option. Each field selected then is scanned 
sequentially at a user-defined interval (preferably between one and 
}J: 60 minutes) . It also is possible to scan at shorter or longer 
If intervals depending on the requirements of a particular biological 
system. Each field is imaged under phase-contrast optics with 
O transmitted light illumination using the Video-Rate CCD Camera 32 
*p and under fluorescence optics with epillumination using the Cooled 
*Z CCD Camera 34. 

*0 The occurrence of cell division and differentiation is 

detected by pattern recognition software. The number and two- 
dimensional shape (e.g., area and perimeter) of "objects" in each 
selected field are identified from phase-contrast images after 
application of an optical gradient transformation, thresholding, 

25 and dilation to detect "halos" around each cell (see Fig. 2). 
Threshold values for shape parameters which indicate whether each 
object is one or more cells have been defined. The number of cells 
is then determined in each well at that particular time point by 
comparing the current values of the shape parameters with values 

30 for previous time points. Cell division is detected automatically 
as an increase in cell number between two time points. Image 
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analysis also provides information on (x-y) positions which can be 
used to measure individual cell speed and directional persistence 
time by application of a persistent random walk model for 
migration, to determine the fraction of a population which is 
5 motile, and to adjust the position of the field to allow for cell 
movement while centering cells in the field. The parameter cell 
speed and directional persistence time for each individual cell and 
%-motile for a population of individual cells are determined by 
fitting a mathematical model for a persistent random walk in an 
10 isotropic environment to observe data for the mean-squared 
displacement of each individual cell based on a time sequence of 
% (xyl position at the control of the cell). (DiMilla, P. A., 
U Albelda, S.M., Lauf f enburger , D.A., and Quinn, J. A. 1992. 
f £ Measurement of Individual Cell Migration Parameters for Human 
115 Tissue Cells. AIChE J. 38(7): 1092-1104; DiMilla, P. A., Stone, 
H J. A. , Albelda, S.M., Lauf f enburger , D.A. and Quinn, J. A. 1992. 

Measurement of Cell Adhesion and Migration on Protein-Coated 
3 Surfaces. In Tissue-Inducing Biomaterials, L.G. Cima and E. Ron, 
\ eds., Mater. Res. Soc. Proc. Vol. 252, pp. 205-212; DiMilla, P. A. , 
£20 Stone, J. A., Quinn, J. A., Albelda, S.M. and Lauf f enburger , D.A. 
if 1993. Maximal Migration of Human Smooth Muscle Cells on Type IV 
Collagen and Fibronectin Occurs at an Intermediate Initial 
Attachment Strength. J. Cell Biol. 122(3): 729-737; DiMilla, P. A. 
Receptor-Mediated Adhesive Interactions at the 
25 Cytoskeleton/ Substratum Interface During Cell Migration. In Cell 
Mechanics and Cellular Engineering, R.M. Hochmuth, V.C. Mow, F. 
Guilak, and R. Tran-Son-Tay , eds., Springer-Verlag, New York, pp. 
490-514, 1994; Thomas, T.W. and DiMilla, P. A. Effects of 
Substratum Compliance on the Motility, Morphology, and 
30 Proliferation of Adherent Human Gliblastoma Cells. In Proceedings 
of the 1995 Bioengineering Conference, BED-Vol. 29, R.M. Hochmuth, 
N.A. Langrana, and M.S. Hefzy, eds., ASME, New York, pp. 153-154, 
1995) , all of which are incorporated by reference herein. Data for 
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the movement of human grade IV SNB-19 glioblastoma cells is 
depicted in Fig. 3 and demonstrates an application in neuroscience 
and cancer research. 

After completion of an experiment to identify growth or 
5 attribute information about a given type of cell, or after cells 
are grown as desired, the computer program is stopped, the 
Biochamber 10 removed from the imaging system, and environmental 
controls disconnected. The Chamber is disassembled in a laminar 
flow hood. The 96-well plate is saved. The Chamber components are 
10 now ready for sterilization and use in a new experiment. 

y The second embodiment of the system 300 is designed to 

H augment the basic strategy. It implements a different translation 
3 strategy in the x-y plane and provides for enhanced diagnostic and 
H growth environment manipulation at the level of a single well in 
15 the array. 

^ The second embodiment of the system 3 00 adds to the 

C features of the first embodiment (continuous non-invasive 
2 observation of single cells in multiple wells, sterility, control 
of temperature to ± 0.5 °C, control of pC0 2 and p0 2 to ± 0.1%, 
20 autoclavablity) with a z-robot pipette that can automatically 
dispense and aspirate media to and from wells in a 96-well plate. 
The z-robot thus endows the system with the capability to alter the 
environment of each well and/or add diagnostic reagents to 
ascertain the occurrence of biological events or based upon the 
25 image recognition of a biological event. 

In the second embodiment, the generic motorized stage has 
been replaced with a custom motorized stage which allows the 
incorporation of the z-robot pipette. The Biochamber 10 houses a 
96-well plate 207 mounted on a movable platter which is moved to 
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specific (x-y) coordinates by a pair of stepper motors. This 
design moves each well under the microscope objective as well as 
move any selected well for z-robot pipette servicing. An overview 
is shown in Figure 4A. 

5 The z-robot pipette dynamically controls the composition 

of medium bathing cells to add growth and/ or quiescence factors 
automatically to individual wells based on cell behavior. Software 
driving the operation of this z-robot pipette is integrated with 
software for monitoring cell behavior. It also is possible and 
ip preferred in some applications of the system 300 to add, remove or 
3 change medium based on external criteria, such as at particular 
W time intervals chosen by the user. The z-robot pipette also 
m transfers media from individual wells to supplemental analysis 
O systems . 

g_5 The z-robot pipette for media exchange itself consists of 

c 2 a modified micropipette tip, see Fig. 4b, mounted on a support arm 
|I driven by a z-axis stepper motor to move up and down and raise and 
*F lower the pipette tip for aspiration and dispensing media in 1 to 
?S 95 iiL increments. Note that although typically 100 ijlL of medium is 
20 added to each 300 /jL- volume well, aspirating all of the medium from 
a well will result in very large shears being applied to cells and 
likely detach or otherwise disturb them. Preferably, the minimum 
volume of medium which must remain in any well at any time is 5 fiL 
(corresponding to a depth of 125 /zm) . 

25 Referring to figure 4b, the major components of the 

pipetting system consists of a syringe pump 100 that can deliver 
growth factors, quiescence factors, or any type of liquid from 
multiple fluid reservoirs 101 through tubing to a pipette tip 102. 
The syringe pump consists preferably of a 250 microliter syringe 

30 103 (although other syringe sizes can be used) that is driven by a 
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stepper motor 104, which is in turn controlled via a multi-port 
stepper motor driver card 105 and a computer 106. The stepper motor 
104 drives the plunger 107 of the syringe 103 up and down which 
results in a dispensing action (if the plunger is being driven into 
5 the syringe) or an aspiration action (if the plunger is being 
driven out of the syringe) . The syringe is connected to one port of 
a distribution valve 108. The distribution valve can be from 3 
ports to 8 or more ports. One port is connected to the syringe 103, 
one port is connected to the pipette probe 102, one port to an 
10 optional wash pump 111, and the remaining ports to various fluid 
reservoirs 101. The distribution valve 108 is also stepper motor 
Ji driven through stepper motor 109 which can be driven also from 
r Jf stepper motor drive board 105. The syringe, stepper motor, stepper 
m motor driver, and distribution valve can be obtained from Advanced 
Kb Liquid Handling model MBP 2000 (Williams Bay, WI) . A second 
7* distribution valve can also be mounted in the system in parallel 
s with valve 108 to tie into more fluid reservoirs. The reservoirs 
^ 101 are thermostat to 4 ± 2° C by thermostatting means 112, to 
M, allow good preservation of the growth and quiescence medias and 
ip tied to the distribution valve 108 through 1/16 inch Teflon tubing. 

The distribution valve (and thus the syringe pump) is 
plumbed via 1/16 inch Teflon or stainless steel tubing to the 
pipette probe 102. The pipette consists of a stainless steel probe 
with an ID of 1/32 inch (0.031 inch) that narrows down to a tip ID 

25 of 0.013 inch. This pipette tip is used for both dispensing growth 
and quiescence factors into the 96 well plate as well as aspirating 
media out of the plate. The pipette probe has conductive coating on 
the outside of the probe that provides a signal that can be read by 
the computer 106. This electrical signal provides feedback on how 

30 much fluid there is in the well that the probe is in. This is 
helpful in aspiration to know when no more fluid exists and 
aspiration should stop. The pipette probe is driven in the "Z" 
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direction by a stepper motor 110 that is tied into the stepper 
motor drive 105. This stepper motor drives the pipette probe up and 
down to dispense into or aspirate out of a selected well. The probe 
with conductive sensing can be obtained from Diba Industries, Inc., 
5 (Danbury, CT) . The pipette stepper motor can be obtained from 
Advanced Liquid Handling model MBD Crawler (Williams Bay, WI) . The 
pipette probe mounts into the biocontainment box by piercing 
through a Teflon bulkhead. The Teflon bulkhead has a hole in it 
that is sized to interference fit the OD of the pipette probe. Thus 
10 a seal is made between the OD of the pipette and the ID of the hole 
? ^ in the Teflon. This fit allows the pipette to move up and down 
5 freely and yet provides a seal to keep the environment within the 
^ ' Biochamber stable. The pipette moves down into the well to a depth 
r[| of 3 ± 1 mm from the top of the well for dispensing; the pipette 
@5 moves down to the liquid surface in the well for aspiration (as 
m measured by the conductive sensing mechanism on the probe tip) ; and 
s the probe moves up out of the well with a clearance of 10 to 13 mm 
H to clear the well as the well plate moves around on the x-y stage. 

a F An alternative embodiment is to have multiple 

JkQ dispensing/aspiration tips so that dispenses to the 96 well plate 
or aspirations can be done in parallel for higher throughput. A 
wash is needed with the system to wash out growth factors, 
quiescence factors or used media from the plumbing lines. The 
preferred wash fluid is Phosphate Buffer Saline (PBS) . One approach 

25 is to use one of the reservoirs 101 for wash fluid to clean the 
system. Another approach is to use a separate wash pump 111 with 
the system. The wash pump 111 is a peristaltic pump with higher 
volumetric flow capabilities that can be turned on by the computer 
106 and pump through higher flows of wash fluid. The wash fluid is 

30 dispensed from the pipette tip 102 to a flush station within the 
Biochamber 10, as shown by item 330 in figure 4d. 
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Ref erring to Figures 4a and 4c, various additional 
analytical determination steps can be added to the system. A second 
distribution valve 114 has been added to the system and tied into 
distribution valve 108. This allows more ports to be added to the 
5 system. This allows more fluid reservoirs 101 to be added to the 
system or supplemental analysis systems 116 and 118. These 
supplemental analysis systems work in the following way: The 
pipette tip 102 is lowered into a well of the 96 well plate; the 
syringe pump 100 aspirates out a specific amount of media or fluid 
10 from the well through the pipette tip. This fluid is drawn all the 
? ~ way into the syringe barrel 103. The distribution valve 108 and 
In distribution valve 114 is switched so that the flow from the 
*U syringe pump is directed out through these two valves to 
ry supplemental analysis systems 1 (116) or 2 (118) or to any port 
Ste connected to the distribution valves. The syringe pump would then 
£n pump out through the plumbing and valves to the supplemental 
s analysis systems. These supplemental analysis systems could be any 
H of the following examples, although not limited thereto. 
U Additional supplemental analysis systems can be added based on user 
l£0 requirements . 

Tissue culture medium or nutrients removed from 
individual tissue culture wells by the robotic arm will (for 
specific experimental uses) be deposited into a protein/nutrient 
analysis system. Alternatively, all material including cells will 
25 be removed for cell counting by automated cell counters (Coulter, 
Co.). This tissue culture medium can be analyzed by each of a 
variety of biochemical, immunochemical, biological and chemical 
assays including but not limited to the following: 

1. Radioimmuno-assay for detection of produced hormones such as 
30 insulin, growth hormone, prolactin, gastrin, (other peptide 

hormones) or by radioimmuno-assay for cellular production and 



release of cytokines including but not limited to: IL-1 
( inter leukin 1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, 
IL-9, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, M-CSF, GM-CSF, 
C-CSF, HGF, NGF, basic FGF, acidic FGF, PDGF) . 

Lentil lectin chromatography for detection of glycosylated 
proteins using columns such as the Sepharose 4 p (Pharmacia 
Corporation) column: 

Diethylaminoethyl (DEAE) chromatography using a column such as 
that produced by the Whatman Corporation. 

Ionic exchange high pressure liquid chromatography (HPLC) 
analysis using a column such as the Synchropak AX300 column 
(Thompson Instrument Company) . 

Gel filtration (HPLC), using centriprep or centricon-30 
(30,000 molecular weight cut-off) centrifugal microcentrifuge 
(Amicon Corporation) samples using a column such as the 
protein-PAK 300 SW (Millipore Corporation) ♦ 

Reverse phase (HPLC) , using an apparatus such as the VydacC 4 
HPLC column (The Separations Group Corporation) using the 
equilibration with Trif luoroactic acidic acid, or acetonitrile 
(made by Pierce Corporation and Baxter Corporation, 
respectively) . 

Sodium deodecylsulfate/polyacrylamide gel electrophoresis 
(SDS/PAGE) analysis using commercially available reagents from 
Integrated Separations Systems Incorporated . 



Protein analysis for glycosylation by tunicamycin or 
N-glycosidase treatment (using reagents obtained from 
Wurthington Biochemical Corporation and Genzyme Corporation) . 

Proliferation stimulation assays (biological assays) ; aliquots 
of tissue culture medium will be tested for stimulation of 
tritiated thymidine incorporation (50-90 MMOL; Dupont Chemical 
Corporation) by target indicator cell populations with known 
cell populations that respond to each of a variety of 
cytokines in each growth factor using published methods. 
(Pogue-Geile, K.L., Sakakeeny, M.A., Panza, J.L. f Sell, S.L., 
Greenberger, J.S. Cloning and Expression of Unique Murine 
Macrophage Colony Stimulating Factor Transcripts. Blood, 
85:3478 3486, 1995) 

Respiratory/ oxidative physiologic functioning analysis 
including analysis of pH, bicarbonate concentration, chloride 
concentration, oxygen concentration. 

Catabolic product production including assays for ammonium 
urea, and consumption of glucose, fructose and other sugar 
molecules contained within the particular culture medium 
(including Dulbecco's modified Eagles medium, McCoy's medium 
and other tissue culture media prepared by commercial 
suppliers and available from GIBCO Corporation or other 
suppliers) . 

Enzyme analysis including tests for proteases, sucrases, and 
other sugar conjugating or degrading enzymes using standard 
biochemical test kits available from SIGMA Pharmaceutical 
Company, and available in standard hospital clinical 
laboratories. Assays would include those for amylase, acid 
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phosphatase, alkaline phosphatase, carbonic anhydrase, and 
others . 

The purpose of the assays outlined above will be to 
determine whether cells identified by the imaging mechanism and 
5 Pattern Recognition software and computer analysis system are in a 
specific physical, chemical or physiological state and to correlate 
this state with a particular metabolic process including those 
associated with either production or consumption of the above 
factors. 

In summary, the medium from tissue cultured cells grown 
Z in the Biochamber wells would be tested for production or 
y degradation of proteins, simple or complex sugars, individual amino 
J acids, individual ions, and individual molecules, both with respect 
ft to physical presence and/or biological activity. 

3L5 Another embodiment of the biocontainment box is shown in 

* Figure 4d, which shows a front view of parts of the system. The X-Y 
E translation system is shown as part 300, which has an open space in 
3 the middle of it shown by the dotted lines 302 and 304. This allows 
the objective lenses 306 to be moved into the X-Y translation table 
20 and be focused onto the 96 well plate 308. The 96 well plate 308 
is positioned onto a mounting plate 310 which moves according to 
the translation of the X-Y translation plate. Mounting plate 310 
has an optical window 3 28 in it that is below the 96 well plate. 
The mounting plate also contains a pipette probe flushing station 
25 33 0 which is used as a port to flush and clean the probe. The 
biocontainment box 312 has double walls 314 and 316. Each of these 
walls is sealed to the mounting plate 310 by a silicone seal 318. 
The biocontainment box is stationary while the mounting plate 310 
moves underneath it. The biocontainment box 312 also has the 
30 following parts mounted into it: pipette probe 320 is mounted in a 



Teflon bulkhead 322 and driven in the Z-axis direction by stepper 
motor 332; and an optical window 324 is mounted so that light can 
pass through it into condenser 326 with is positioned above the 
objective lenses 306, optical window 328, plate 308 and optical 
window 324. The biocontainment box also has the controls for pH, 
C0 2 , humidity, etc mounted into it (not shown) . The pipette probe 
is connected to the syringe pump system via teflon line 334. 

The X-Y translation plate moves any well of the 96 well 
plate over the objective so that the cells in the well can be 
imaged; it also moves any well to the pipette probe for dispensing 
or aspiration of media or cells, and it also moves the flushing 
station to the probe tip so that the probe can be flushed and/ or 
cleaned. 

Reservoirs for fresh and waste media, including 
individual cocktails of growth factors, are located next to the 
Chamber and maintained at 4 °C. Small-volume syringe pumps are 
used to deliver growth factors and base medium to user-specified 
compositions, and waste media is aspirated from wells using the 
same pipette. The pipette is cleaned thoroughly between dispenses 
and aspirations by flushing with a PBS solution. 

The operation of the z-robot pipette has been optimized 
such that the fluid forces applied to cells are minimized while 
retaining a sufficient flow rate for rapid medium exchange. The 
following parameters have been examined: the dynamics and steady- 
state value of the flow rate, the minimum volume of fluid which 
must be retained in a well after aspiration, and the effects of 
locating the nozzle off-center in the well. Medium is dispensed to 
wells by drop-wise addition. Choosing the optimal parameters for 
aspiration most quickly is supported by numerical simulations of 
the fluid mechanics of this process using well-established 



computational packages (e.g., Fluent). (DiMilla, P. A., Stone, J. A., 
Albelda, S.M., Lauf f enburger , D.A. and Quinn, J. A. 1992. 
Measurement of Cell Adhesion and Migration on Protein-Coated 
Surfaces. In Tissue-Inducing Biomaterials, L.G. cima and E. Ron, 
eds., Mater. Res. Soc. Proc. Vol. 252, pp. 205-212; DiMilla, P. A., 
Stone, J. A., Quinn, J. A. , Albelda, S.M. and Lauf f enburger , D.A. 
1993. Maximal Migration of Human Smooth Muscle Cells on Type IV 
Collagen and Fibronectin Occurs at an Intermediate Initial 
Attachment Strength. J. Cell Biol. 122(3): 729-737; DiMilla, P. A. 
Receptor-Mediated Adhesive Interactions at the 
Cytoskeleton/ Substratum Interface During Cell Migration. In Cell 
Mechanics and Cellular Engineering, R.M. Hochmuth, V.C. Mow, F. 
Guilak, and R. Tran-Son-Tay, eds., Springer-Verlag, New York, pp. 
490-514, 1994; Goldstein A.S. and DiMilla, P. A. , all of which are 
incorporated by reference herein. 

Overall, the detection of changes in cell phenotype and 
operation of the z-robot pipette with the features of the first 
embodiment are integrated. By applying the methodology for phase- 
contrast imaging to fluorescent images (obtained with a cooled CCD 
camera) for wells in which fluorescent antibodies against specific 
antigens for the lin- phenotype are added, the system 3 00 is able 
to, for example, identify stem cells from other differentiated 
cells. As discussed in more detail below, this approach allows one 
to determine whether and when individual cells differentiate and 
change phenotype. Kinetic data for the rates of cell division and 
differentiation can then be obtained. This data is then analyzed 
using engineering models for probabilistic processes to determine 
kinetic parameters for rationally optimizing and scheduling changes 
of media. 



A general description of an algorithm for image analysis 
of a doubling event is now provided. When a cell divides, there 
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are characteristic morphological features that are visible. The 
pinching of the middle and the swelling of the size, for example. 
These are used to identify cells that are dividing. In terms of 
the computer, these events are recognized by changes in the x,y 
5 position, area, perimeter, sphericity (a measurement of the 
closeness to a circle) , and eccentricity (a measurement of 
closeness to a square) . Other parameters can be added as new data 
queue is acquired. Moreover, the trend of these parameters 
corresponds with the time before the doubling. The parameters are 
10 stored in computer memory in a queue for a certain length of time. 

As new image data is taken, the least recent value is removed from 
5 the queue. The trend of this data is compared to the historically 
y known trend that reflects a cell division. If the match is within 
n tolerance, then the computer is signaled that the cell is about to 
15 or is in the process of dividing. For example, with stem cells it 
2 is theorized that these cells stop moving just before they undergo 
division. This would signal a decrease in the change of the x,y 
2 positions. If the change remains small enough for a significant 
1 period of time, then a division may be occurring. However, this 
|o alone is not enough to guarantee it, so the trends of the other 
5 variables are compared also. 

The mathematical nature of the trend comparison is the 
following. The trend of each parameter up to the point of cell 
division is curve fitted over a length of time. The current 
25 parameters stored in a queue obtained from a cell for a given time 
period are compared to this smooth curve and the error between the 
two is calculated. If the error is within a user-specified 
tolerance, the cell is considered to be approaching a division. 

A division could be missed if the cell is not visualized 
30 frequently. This could result from having to analyze, stain and/ or 
view other wells or having too many wells to successfully return to 
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each well within a regional period of time. If this is the case, 
the parameters from the image are compared to the previous 
parameters. A set of morphological and positional criteria 
established empirically are used to determine if the two objects 
5 could have come from a division or if one additional object all 
moved into the view field. 

Figure 5 shows the results from an analysis of a cell 
dividing. The photographs show the phase contrast images on the 
left and the bitplane pictures on the right. The pinching has 
pO already begun to occur in the top left picture. 

f y A protocol for purifying human hematopoeitic stem cells 

rii using the system 300 is now provided as an example of using cells 
y generally with the system 300. 

» Human nucleated blood cells, obtained from either 

% umbilical cord blood, peripheral blood by leukophoresis or bone 
U marrow, are purified free of red cells by centrifugation. Buffy 
X coat leukocytes are then purified to separate CD34+ cells 
2 (representing approximately 1 out of 10,000 nucleated cells in 
human adult bone marrow) using any of several commercially 
20 available immunobead, or column chromatography methods. A 
preferred method is the CellPro Ceprate column, which is 
commercially available from CellPro Corporation, Bothell, WA. 
Using the techniques described in the information supplied by the 
manufacturer, nucleated cells that are adherent to the column are 
25 then washed free from the column by competition with a supply of 
reagent contained in the package which separates the CD34+ human 
hematopoeitic cells from the column. This is carried out by 
competition displacement. The CD34+ cells are washed free through 
the eluate and are collected. These cells are then sorted a second 
30 time using a fluorescence-activated cell sorter and a combination 



of monoclonal antibodies that are lineage-specific. Those subsets 
of the CD34+ cells which bind FITC, rhodamine, or other 
fluorescently labeled indicator of lineage-specific antigens 
including CD38, are then collected in the lineage-negative 
(fluorescent antibody-negative) preparation volume. These cells 
are then prepared for a second FACS (fluorescence activated cell 
sorting) step, and now are separated into a final population of 
those reacting positively with a fluorochrome dye for Thyl. This 
population represents a final concentration of cells which 
represented one out of 50,000 of the original nucleated cells from 
the original specimen of peripheral blood, bone marrow or umbilical 
cord blood. These cells are those known to be highly enriched for 
multilineage hematopoeitic stem cells. Assays confirming the 
homogeneity and purification of these cells include the long-term 
culture initiating cell assay (Sutherland, H.J., Landsdorp, P.M., 
Henkelman, D.H. , Eaves, A.C., Eaves, C.J. Functional 
Characterization of Individual Human Hematopoeitic Stem Cells 
Cultured at Limiting Dilution on Supportive Marrow Stromal Layers. 
Proc Natl Acad Sci USA 87:2584, 1990) incorporated by reference 
herein) , or the cobblestone island assay measuring those cells 
forming cobblestone islands at day 14 or day 21 after coculture 
(Ploemacher, R. , van der Sluijs, J., van Beurden, C. , Baert, M. , 
Chan, P. Use of Limiting-Dilution Type Long-Term Marrow Cultures 
in Frequency Analysis of Marrow-Repopulating and Spleen 
Colony-Forming Hematopoeitic Stem Cells in the Mouse. Blood 
10:2527-2533; 1991), incorporated by reference herein), or the 
assay for CFU-blast (Ikebuchi, K., Wong, G., Clark, S., Ihle, J., 
Hirai, Y. , Ogawa, M. Inter leukin 6 Enhancement of Inter leukin 3 
Dependent Proliferation of Multi-Potential Hemopoietic Progenitors. 
Proc. Natl. Acad. Sci. USA 84:9035; 1987), incorporated by 
reference herein) , or the assay for high proliferative potential 
colony-forming unit culture [HPP-CFC] (Pogue-Geile, K.L., 
Sakakeeny, M.A., Panza, J.L., Sell, S.L., Greenberger, J.S. 



Cloning and Expression of Unique Murine Macrophage Colony 
Stimulating Factor Transcripts. Blood, 85:3478 3486, 1995), 
incorporated by reference herein) . Each and any of these assays 
demonstrates that the CD34+Lin-Thyl+ subpopulation of cells is 
enriched for the presence of cells positive in these assays by a 
factor of around 1000-10,000-fold. More importantly, these 
enriched cells have been demonstrated to form multilineage 
hematopoeitic cells in the peripheral blood in marrow of SCID/Hu 
mice, or Nu/BIX in xenotransplant studies. These cells have also 
been shown to reconstitute multilineage human hematopoiesis in 
fetal sheep (Zanjani, E.D., Almeida-Porada, G. and flake, A.W. 
1995. Engraftment and Multilineage Expression of Human 
Hematopoeitic Stem Cells in Human-sheep Chimeras. Stem Cells 
13:101-111). Thus, by the two xenotransplant models (SCID/Hu 
mouse, and fetal sheep) as well as the in vitro assays described 
above, the CD34+Lin-Thyl+ and Thyl- fraction of nucleated 
peripheral blood, bone marrow, or cord blood cells is known to be 
highly enriched for stem cells. The phenotype of CD34+Lin-Thyl+ is 
known to be rapidly lost when cells are cultured in suspension 
culture as other than single cells and as culture methods other 
than an automated cell division linked bioreactor (Mayani, Hector, 
Lansdorp, Peter M. Proliferation of Individual Hematopoeitic 
Progenitors Purified From Umbilical Cord Blood. Experimental 
Hematology 23:1453-1462 (1995); Van Zant, Gary, Rummel, Sue A., 
Koller, Manfred R. , Larson, David B., Drubachevsky , liana, Palsson, 
Mahshid and Emerson, Stephen G. Expansion in Bioreactors of Human 
Progenitor Populations from Cord Blood and Mobilized Peripheral 
Blood. Blood Cells (1994) 20:482-491; Sandstrom, C.E., Bender, 
J.G., Papoutsakis, E.T., Miller, W.M. Effects of CD34+ Cell 
Selection and Perfusion on Ex Vivo Expansion of Peripheral Blood 
Mononuclear Cells. Blood. 86, No. 3:958 970 (August 1) 1995), 
incorporated by reference herein) . 
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Using 96-well plates (LinBro Plastic Corporation) , the 
MB210 mouse cell line (preferred) , or any of a variety of human, 
murine or primate bone marrow stromal cell lines (or no stromal 
cell line, or in place of the stromal cell line extracellular 
5 matrix protein or proteoglycan such as fibronectin, or heparin 
sulfate proteoglycan) , is plated into each of the 96 wells at IxlO 5 
cells/well in Dulbecco's Modified Eagle's Medium supplemented with 
10% fetal calf serum, and the cultures are incubated at 37° C in a 
high humidity incubator for 24 hours. The cultures are then 
10 removed from the incubator and each well is surveyed to be certain 
fj there is a lawn of confluent monolayer of the stromal cell line. 
■*S The stromal cells are then irradiated to 2000 cGy preferred (1000- 
;S 10,000 cGy) using a 250 KVP orthovoltage x-ray unit (preferred) or 
fU any linear accelerator from 6 MeV - 20 MeV with focal plane at the 
Jis tissue culture surface on the monolayer of cells. The cells are 
01 irradiated in the same medium and are returned to the incubator in 
~ the same medium. The cultures are then washed free of medium with 
J multiple washes of Iscove's Modified, serum-free medium for each 
M well, and then Iscove's Modified, serum-free medium is added to 
1?0 each well. The exact recipe for the Iscove f s Medium is described in 
a the reference (Goff, Julie P., Shields, Donna S., Petersen, Bryon 
E., Zajac, Valerie F. , Michalopoulos, George K. and Greenberger, 
Joel S. Synergistic Effects of Hepatocyte Growth Factor on Human 
Cord Blood CD34+ Progenitor Cells are the Result of c-met Receptor 
25 Expression. Stem Cells (In Press)), incorporated by reference 
herein. The serum-free Iscove's Medium (preferred) can be 
substituted with any commercially available serum-free medium 
supplemented with vitamins, nutrients, lipid substitute, bovine 
serum albumin or any of a variety of additives known to support 
30 hematopoeitic progenitor cells in the absence of serum, but 
supplemented with appropriate growth factors. Each tissue culture 
well is then fed with 100 yCh of Iscove's complete medium, and with 
an additional volume of Medium-A (this is the growth medium and 
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contains optimal concentrations of each of the following growth 
factors: IL-11, IL-6, IL-1, HGF, G-CSF, basic FGF) . This medium 
will be referred to as growth medium or Medium-A. Each tissue 
culture well in the 96-well plate is then supplemented with a 10 ixL 
5 drop containing one FAC-sorted single CD34+Lin-Thyl+ cell, 
hereafter referred to as "stem cell". The term "stem cell" will be 
used in this application to refer to a cell with a phenotype 
demonstrated by fluorescence antibody binding which is positive for 
CD34+, negative for the lineage markers (the combination of lineage 
10 antibody markers used in any of a combination of 10-15 different 
lineage markers but contains the preferred marker, CD38, and is 
3 either Thyl+ or Thyl-) . The term "stem cell" will be used to refer 
r | to that cell which is either Thyl+ or Thyl- (varies between 
m experiments, preferred Thyl+) but which is definitely CD38- and 
£| 5 CD34+. Cells were stained with FITC and PE-conjugated antibodies 
% against hematopoietic cell surface differentiation markers. 
= Figures 7A and 7B represent the same field of cells. Examples of 
5 cells that are only positive for CD34 and Thyl appear green (7A, 
Z asterisk) . Cells that express lineage markers appear red (7B) . 
-§0 When the cells are positive for CD34 and Thyl as well as lineage 
S markers, the wavelengths combine and the resulting fluorescence is 
yellow (arrowheads Figure 7A) . 

The plate of 96 wells containing one stem cell per well 
is then transferred to the Biochamber 10. 

25 The Biochamber 10 is then closed and the unit is 

programmed to cycle according to medium change with each cell 
division (linked to the pattern recognition of the CD34+Lin-Thyl+ 
phenotype) . 



Details of the specific motions for each element of the 
30 protocol will be described following a short summary. Note that 



different operational modes are possible and selection depends on, 
for example, whether the aim is biologic production or more basic 
investigation. The following summary is a representative 
production mode where phenotype conservation and high proliferation 
are intended. An example of operation for basic investigation is 
presented later in the form of a flow chart. 

Each individual well is tracked separately over a cycle 
of the plate 207 underneath the viewing objective, and this is 
programmed to be viewed every minute (preferred) , can be varied to 
every 20 seconds or as long as once per day or once per week (or 
any longer desired length of time) or anything in between. The 
viewing is accompanied by capture of the image of the cell in the 
software of the computer linked to the CCD camera. When a pattern 
associated with a cell doubling is recognized by pattern 
recognition software, the cell doubling event is recorded and 
operation of the system 300 linked to the dye recognition phase. 
The dye recognition phase is activated when the x-y stage moves the 
well to underneath the z-robot where a combination of fluorescent 
dyes are added for CD34 and CD38 (lineage marker) as well as for 
Thyl (Thyl marker) . After the well is moved by the x-y stage back 
to the optical path/mechanism and waiting for an appropriate 
interval (which depends on dye properties) , an image is then 
captured by the cooled CCD camera of the cell doublet with three 
imaging purposes: 1) detecting the color of the dye on CD34, 2) 
detecting the color of the dye on the CD38, and 3) detecting the 
color of the dye on Thyl. The pattern recognition software then 
recognizes those wells in which a doublet was identified and in 
which the pattern was noted to be conserved (both cells CD34+ or 
both cells CD34- to substituting for the latter both cells CD38-) 
and then the well is moved by the x-y stage to the z-robot which 
carries out a media change, which will be described in greater 
detail. The medium is then replaced with Medium-B (quiescence 



medium) which will be described in greater detail. The entire 
cycle then continues with observation of that well at regular 
intervals (preferably each minute, can vary from 20 seconds to more 
than one week) , and then when a second interval has passed 
(preferably six hours or any time between 1 minute to more than a 
week) , the stage is instructed to translate that well to the 
z -robot which changes the medium back to Medium-A or growth medium. 
The entire cycle then repeats again with the pattern recognition 
software analyzing that well and waiting and scoring for the 
appearance of four cells. When the presence of four cells have 
been detected/ recorded, the colorimetric fluorochrome staining 
mechanism of the z-robot adds colorimetric dye, after an 
appropriate interval (preferably five minutes) more images are 
taken with the cooled CCD camera and image analysis to detect each 
of the three f luorochromes, and those wells now which score 
positive for all four cells with the phenotype of CD34+CD38-Thyl+ 
are again translated to the z-robot which extracts the Medium-A and 
replaces the medium with Medium-B. The entire cycle repeats again 
surveying for the presence of 8 cells, then again surveying for 16 
cells, then again for 32 cells, then again for 64 cells, and 
finally, 128 cells. Alternatively, the system 300 can be operated 
such that at each cell division (i.e. when 3, 4, 5, 6, — up to 
more than 128 cells are present) medium exchange from Medium-A to 
Medium-B occurs. When a well contains 128 cells, the imaging 
protocol is terminated and all the cells (in Medium-B (quiescence 
medium)) removed from the well into a repository. When the 
repository is replete with the contents of each well in the plate 
(representing over 1000 cells) , the contents at such repository 
then are transferred to other parts of the operation for use in 
gene transfer, bone marrow stem cell transplantation to an awaiting 
patient, or cry ©preservation facility to be used later for gene 
therapy or for an awaiting patient. 
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Specifics of the protocol are now provided. The 96-well 
plate is placed in a sterile tissue culture hood (Format or similar 
type) and using a Pasteur pipette, the contents of individual 1.0 
ml Eppendorf tubes, each containing 10-20 piL of serum-free Iscove's 
5 medium which have been supplemented with one sorted CD34+Lin-Thyl+ 
stem cell, are transferred to each respective well of the 96-well 
plate. Each well already contains 100 y£L of the Iscove's medium, 
and is now supplemented with 10-20 AiL of this medium containing a 
single cell. The 96-well plate 207 is then transferred to the 

10 Biochamber 10. The 100-120 iaL in each well contains the 
concentration of growth factors contained in Medium-A (a range for 

% each of the factors will be included with a preferred concentration 
W indicated: hepatocyte growth factor [HGF] , 10 ng/ml - 1 £tg/ml, 
m preferred 10 jug/ml; IL-11, 1 ng/ml - 100 jug/ml, preferred 10 ixg/nl; 
f§5 IL-1 10 ng/ml - 100 jug/ml, preferred 10 ^g/ml; G-CSF, 1 ng/ml - 100 
| jug/ml, preferred 10 Mg/ml) . Each of these growth factors are 
I available from commercial suppliers including Immunex and Amgen. 
Q It should be noted these are but examples of Medium-A or growth 

11 medium. There may be many different growth mediums, and not one 
=|0 unique Medium-A, for a given type of cell. An acceptable growth 
;1 medium is one which allows the cell to reproduce in a healthy 

manner. The cells are then placed in the Biochamber 10, which is 
set at a temperature of 37°C (can be varied from 31°C - 49°C) , and 
7% C0 2 (can be varied from 0.1% to 40% C0 2 ) , and the humidity is 
25 kept at a high level (but can be low or very high) . 

The Biochamber stage is moved so that each well is placed 
over the microscope objective and in the optical path, and the user 
moves the stage to identify the exact coordinates of where the 
single stem cell is located. This is done by hand and usually 
30 takes 15 minutes (this can take between one minute and four hours 
to identify the location of each cell) . The coordinates of the 
individual cell are then recorded and the cycling for observation 



of the cell is begun with a magnification of 20 - 40x 
magnification, preferably 40x. The individual cell is located by 
image analysis and its position and morphological parameters 
records by the computer Y2. The computer is then set to cycle to 
capture the image of the individual well during a six second 
viewing of this cell (variation between one second and five 
minutes) using the cooled CCD camera. The time during which the 
cooled CCD Camera focuses on each well is set to be long enough to 
capture the image within an acceptable signal-to-noise ratio 
(preferably 20 seconds, can vary from one second - 20 minutes) . The 
digitized image of the single cell in each well is recorded and the 
stage then cycles over each of the 96 positions (corresponding to 
one per well) tracking the cellular movement and recording the 
position of the cell relative to the cross hairs which have been 
set to define the position of the cell in the initial image 
capture. The survey of each well is carried out in cycle. The 
digitized image is recorded sequentially for each well and stored 
in the computer's memory. The images are compared to one another 
serially over the time required for one cell doubling to occur in 
each of the 96 single wells. With the growth Medium-A being in 
each well, cell divisions are expected to occur in each of the 
cells within six hours preferably (range can be 10 minutes - two 
months) . 

At the time when a cell doubling is detected, as captured 
by the image at the cycling over that particular well and as 
reflected in the temporal trends in morphological parameters for 
the computer's stored set of images and registered as a cell 
doubling by pattern recognition software, the stage is mechanically 
moved so that the well corresponding to the cell doubling is 
underneath the z-robot and fluorochrome dyes are added for 
determination of the phenotype of the two cells comprising the 
doublet. The robotic pipette moves down and adds 10 piL (range can 
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be 1 jaL - 100 /^L) of a combination of two fluorochrome dyes 
including FITOlabeled anti-CD34 and phycoerythr in-labeled anti- 
CD38. The concentrations of dyes are those as supplied by the 
manufacturer, and are commercially available. Fluorochromes for 
5 detection of each monoclonal antibody (e.g., from Pharmingen, 
Becton Dickinson, Dakocorp., Immunotech) will be conjugated to each 
antibody, such that two separate non-overlapping colors, each 
detected with the appropriate fluorescence filters (available from 
but not limited to Sigma and Chroma) , will be distinguishable and 
10 registered by each of two specific images. After the dye has been 
added to the well with the cell doublet, two successive fluorescent 
3 images are acquired with the imaging mechanism consisting of the 
W inverted microscope using epillumination with appropriate 
m excitation filter (placed in the optical path by the High Speed 
ffi5 Dual Filter Wheel with Shutter for Fluorescence) and cooled CCD 
it: camera and stored as a digitized image on the computer. Each image 
a is exposed for a particular color, either green or red, and for 
=i exposure times ranging from 0.1 seconds to 100 seconds. Optimal 
E exposure time for each dye is that determined by the fluorescence 
=§0 intensity of the dye on the cell surface from detection prior to 
;S operation of the system 300 and correlated to the positive control 
test samples for the dye according to manufacturer's instructions. 
Of the two successive images the first is acquired with a filter 
that allows imaging of emission in the green range of the visible 
25 light spectrum (to detect the binding of anti-CD34 antibody to any 
CD34 marker present on the surface of the cells of the doublet) and 
the second acquired with a filter that allows imaging of emission 
in the red range of the visible light spectrum (to detect binding 
of anti-CD38 antibody to any CD38 marker present on the surface of 
3 0 the cells of the doublet) . This detection scheme is not limited to 
successive examination for only two distinct colored antibodies and 
can be extended to detect the presence of additional markers on the 
cell surface reflecting finer discrimination of cell phenotype. 
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Two types of approaches can be implemented for this extension of 
detection. In the first, an additional antibody type labeled with 
a third distinct colored dye other than red or green, such that the 
emission bands of each of the dyes do not overlap, can be included 
5 in the antibody cocktail to detect the presence of a third 
cell-surface marker. This approach itself allows further extension 
to fourth, fifth, and more than fifth colors of dyes used to label 
distinct antibodies against cell-surface markers provided that the 
emission of each of the dyes can be distinguished unambiguously. 
10 In the second approach for extending detection capability of cell 
phenotype, after acquisition of the initial two successive images 
using green and red excitation filters, the well is washed 
W sufficiently with PBS and another cocktail containing an 
m alternative set of antibodies labeled with green-emitting and/ or 
Cl5 red-emitting dyes are added . Again images are acquired 
i successively with green and red excitation filters, respectively. 
I This second approach and the first described approach for extending 
O detection types are not mutually exclusive and can be combined to 
U allow for detection of any desired number of cell-surface 
-|0 determinants by further successive washes and dye-labeled antibody 
additions. Preferably, the second addition of antibodies will 
contain a green-labeled anti-Thyl antibody against Thyl. Each 
fluorescent image acquired for each distinct dye and antibody will 
be sorted in computer memory and images overlaid digitally by 
25 computer for automated interpretation. Sets of processed images 
which, with the above approach with successive incubation with 
anti-CD34, anti-CD38, and anti-Thyl antibodies, are green positive 
(i.e., CD34+ and Thyl+ from positive detection of the green dye on 
cell surfaces in successive green images) and red negative (i.e., 
3 0 CD38- from the absence of red dye on the cell surfaces in the red 
image) will be recorded and the z-robot will carry out media 
change. For images of cell in wells not meeting the criteria of 
green positive/red negative but identified as a cell doublet, a 
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conserved phenotype has not been obtained, and this well will be 
removed from the survey cycle of image acquisition, pattern 
recognition, f luorochrome-labeled antibody analysis, and media 
exchange for the remainder of the process of expanding stem cells. 
5 The presence of a non-conserved division indicates that the stem 
cell phenotype has been lost and that no further increase in stem 
cell number in this well is possible. 

The pattern recognition software and stage movement 
having registered that an individual well contains two cells with 
10 the appropriate phenotype is described above. This well is next 
5 moved by the x-y stage underneath the z -robot and 100 /zL of media 
U removed, and the waste media placed into the receptacle vehicle in 
u the Biochamber 10. (See figures 4a-4d.) The range of medium 
3 removed can be from 10 - 200 (preferred 100 /zL) . Standard 

^5 conditions for media change will be those associated with detection 
of the cell doublet after fluorescence analysis. After withdrawing 
2 Medium-A, Medium B containing the quiescence medium will be added. 
I This contains a 100 yCL volume of Iscove's Modified Medium, serum- 
F free, as described above but now containing MIP-la, TGFB each in the 
lo optimal concentration (preferred 10 ng/ml, range 10 ng/ml - 100 
ng/ml) . This quiescence medium is but one example of many possible 
quiescence mediums. The quiescence medium can simply be a 
serum- free medium alone added for twenty seconds to five minutes, 
or a medium with TGFp or MIP-la, or TNF. There may be many 
25 possible quiescence media that work; that is, which shut down the 
maturation or differentiation process in the given cell but 
maintain the cell in essentially a status quo state. 

The bioreactor system 3 00 then continues to cyclically 
examine all other wells and view this well to which Medium-B has 
30 been added as a well in quiescence. A timer within the computer 
program doing system operations is set to leave the well in which 
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Medium-B has not been added undisturbed, except for imaging for 
pattern recognition of an additional cell doubling event, for six 
hours (preferred, range 10 minutes - two months) . After the chosen 
time in Medium-B has passed, this well is automatically returned by 
5 x-y stage to underneath the z-robot and again imaged for pattern 
recognition to identify a cell doublet. Quiescence medium, by 
definition, facilitates no cell division, and the location of the 
cells in the doublet as well as their shape will be similar 
compared to the time when the interval in which the quiescence 
10 medium was present began (six hours earlier) • 

% The z-robot then aspirates Medium-B and deposit this 

U medium in the receptacle container within the bioreactor. The 
Jt z-robot then adds an equivalent volume of Medium-A (the original 
3 growth medium) . The optimal volume removed of Medium-B is 100 //L, 
[j.5 the optimal replacement volume is 100 yCL (range can be 10 /zL - 200 
ML) . 

^ After addition of Medium-A to the bioreactor well 

p containing two cells, the sequence of review of that well 
if consisting of imaging, pattern recognition, fluorescence analysis 
20 and media exchange is resumed. After release of that well from the 
"quiescence period," routine monitoring at each previously set 
interval resumes. This interval is as brief as ten seconds, and as 
long as two months. The well is then assessed for the appearance 
of four cells (quadruplicates) . The pattern recognition software 
25 is reset for that particular well to identify a four cell 
quadruplicate. Upon recognition of the four cell quadruplicate, 
the well is moved underneath the z-robot and 20 /zL of the dye 
combination added as described above. The same dyes are added in 
the same concentrations as described above. After an appropriate 
30 interval for incubation with the fluorescent dyes (preferred 5 
minutes, range one minute - 20 minutes), the filters are rotated to 
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image the four cells with the green and red excitation filters, 
respectively. The exposure times are those as described above* 
The images are then processed and those wells containing four cells 
with the (CD34+, green positive, CD38-, red negative) phenotype are 
5 then registered as being maintained in the experiment. Those wells 
containing one or more of the four cells with non-conserved 
phenotype are eliminated from the experiment. The z-robot then 
maintains this position over the well with the four cells of 
conserved phenotype and withdraws 100 ,uL of Medium-A, replacing it 
10 with 100 juL of the quiescence Medium-B as described above. The 
amount of medium removed and replaced can range from 10 [XL - 2 00 

u The quiescence media interval is then reset for that 

15 particular bioreactor well and the well is left undisturbed, except 
y for routine observation during each cycle for the quiescence 
interval (preferably six hours, variation two minutes - two 
i months) . 

F The bioreactor system 300 is then reset to indicate that 

lo the well will be surveyed for the appearance of eight cells 
representing an octuplet. The bioreactor system 300 continues to 
cycle during its observation periods with review of that well at 
each survey over the 96 wells, and continues its pattern 
recognition program for 8, then 16, then 32, then 64, then 128 
25 cells. The mechanical and computer algorithms used for identifying 
increases in the number of cell doublet, the presence of conserved 
phenotypes, and exchange of media, including scheduling, are as 
described above, except the threshold number of cells is increased. 

When the pattern recognition software recognizes the 
30 presence of eight cells in that well, the z-robot adds the 
previously described concentrations of dyes in each two colors, the 



-48- 



iiaaging devices are used to acquire images of green and red 
fluorescence, and those wells containing eight cells with the 
conserved phenotype of green positive, red negative are scored. 
The z-robot then withdraws 100 yL of growth medium (Medium-A) and 
5 replaces it with 100 yL of quiescence medium (Medium-B) and resets 
the clock for the quiescence interval (six hours preferred, range 
one minute - two months) . Cycling is resumed as described above. 

When the pattern recognition software detects the 
presence of 16 cells in the well, recognition is accompanied by 
|0 movement of the z-robot to add dye, survey for the green positive, 
D red negative phenotype and then registers those wells in which all 
J: 16 cells have the appropriate green positive, red negative 
0 phenotype. The z-robot then removes 100 yL of growth medium and 
± replaces it with 100 yL of quiescence medium as described above. 
i5 That well is then registered as being in quiescence. Cycling is 
resumed as described above. 

^ The pattern as described above is repeated for those 

E wells containing 32 cells with the green positive, red negative 
S phenotype. The robotic arm moves to this site and withdraws 100 yL 
2 0 of Medium-B and replaces it with 100 yL of the growth medium 
(Medium-A) . Cycling is resumed as described above. 

Those wells recognized by the pattern recognition 
software to contain 64 individual cells then are manipulated as 
described above such that the z-robot adds the colored dyes and 
25 images are acquired using each of the two filters. Those wells 
containing 64 cells with the green positive, red negative phenotype 
then have 100 yL of growth medium (Medium-A) removed and 100 yL of 
quiescence (Medium-B) added. The time interval in quiescence 
(preferred six hours) will again be re-initiated. Cycling is 
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resumed as described above before replacement of quiescence medium 
with growth medium. 

Pattern recognition software resumes surveying that well 
in its growth medium until such time as 128 cells are detected in 
5 a well. The z-robot then delivers the f luorophore-labeled 
antibodies and images (with respective excitation filters) for 
labeled cells in the well. A well containing 128 objects of green 
positive, red negative is then scored as having achieved the 
optimum cell division number for that experiment while maintaining 

iO the conserved stem cell phenotype. This is the preferred 
experiment in practice. The number can go up to 256 or higher 

r y numbers if this is preferred for the individual experiment in 

fU question. Additionally, the plate can have many more than 96 wells 

O and is not limited to such number of wells. 

s!5 The bioreactor system 300 then removes the growth medium 

4 and replace with 100 yCL of quiescence medium in this well. The 
U z-robot then harvests all the contents of the well, including the 
a t 128 stem cells, and place these in a specific receptacle marked 
In "finished". This receptacle (which may actually be one or more 
20 receptacles) is kept in quiescence medium at refrigerator 
temperature (3°C preferred, temperature from -270° - 37°C) . When 
10 "unfinished" wells are obtained containing over 1,200 stem cells, 
these are taken from the bioreactor system 3 00 and placed in the 
"completed" designation receptacle for use in gene therapy, 
25 cryopreservation for later use in a patient transplant, or 
delivered to the physician/clinical group requesting amplified stem 
cells for a stem cell transplantation. 

Another example of operational mode is depicted in the 
attached flow charge, shown in figure 6, to illustrate event 
3 0 sequencing and overall system operational integration. The mode 
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shown would allow one to fulfill the goal of recording cellular 
events in time while manipulating the cellular environment to study 
response that could, among other things, provide information 
relevant to directing growth to an optimal target (e.g. prior 
5 example) . With respect to the enabling technological application, 
conservation of stem cell phenotype during division, the mode 
allows for a switch to quiescence medium and a diagnosis of the 
phenotypic outcome of the first division event. As noted before, 
other modes are possible. 

40 (1) First the array is initialized; cell coordinates are 

1 recorded along with image parameters which have been previously 
1 described (e.g. sphericity). (2) Thereafter, the optimal scanning 
U cycle is begun which is in the phase contrast or fluorescence 
5 modes. (3,4) The cells in each well are viewed and image 
i.5 parameters acquired and compared to prior values. (5) When the 
threshold criteria are attained for an event such as cell division, 
i the well is (6) flagged for a medium change. (7) Otherwise, if the 
* scan cycle is not complete (cells in wells remain to be examined) , 
E the next cells in the array are viewed, analyzed, and parameters 
[20 recorded. 

When all the cells in the well have been imaged, the (8) 
medium manipulation and diagnostic reagent addition cycle 
commences. The stage translates to the z-robot station, and (9) 
each well in a row that has been flagged as exhibiting a cell 

25 starting division is directed under the pipette. (10) The pipette 
apparatus aspirates old medium and adds quiescence medium; the well 
is then flagged for subsequent antigen analysis which will be 
performed after division is complete. (11) If a well is not 
flagged for a medium change, the (12) need to add diagnostics to a 

30 well to enable the determination of cell phenotype is determined 
before moving on to other wells. The determination is based on 



being flagged following a prior medium change and being scored as 
having undergone a division based on the most recently stored image 
parameters. (13) When flagged for the addition of diagnostic 
reagents, the z-robot makes the needed additions. The well is then 
flagged for fluorescence or alternate analysis which will be 
conducted once the well scan cycle is restarted. (The flagging 
will automatically engage the needed filters, illumination sources, 
and relevant sections of the imaging code within the restarted 
image cycle). (14,15) This servicing continues until all wells 
flagged for either medium change or diagnostic addition have been 
serviced by the z-robot. (Note: the system allows alternate 
operation where all medium changes are done first, the scan cycle 
is restarted, and thereafter diagnostic addition is done. This 
mode is more suited when events are spread in time and 
parallelizing medium change and reagent addition are not needed) . 
(14) When the z-robot service cycle is complete (YES), the scan 
cycle is restarted to detect the onset of division or to score the 
outcome of a division completed in quiescence medium as indicated 
by the added diagnostic reagents. 

The use of the quiescence media is designed as follows: 

The transcriptional regulators for cell division can be 
separated from those associated with adherence and cell 
differentiation by time. In other words, the addition of specific 
growth factors sends "three trains down three tracks", by replacing 
the growth media by quiescence media one train will go to the end 
of a very small track independently of the effects of more added 
growth factors (cell division) , however, the adherence and cell 
differentiation trains will stop. Thus, at some point, there are 
two cells both stopped at the undifferentiated state. By 
re-addition of growth factors in the growth medium, the three 
trains are started down three tracks again, by addition of the 
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quiescence media stop trains two and three again. This occurs over 
and over. Time in the quiescence media will determine whether the 
cells can recover and be able to start three trains down three 
tracks. The bioreactor can also be used to determine the length of 
time in quiescence media to optimize the ideal situation (train 1 
goes to completion, trains 2 and 3 stop) . 

The bioreactor can be used to study cells where there is 
no a priori information about the cell as follows. Basic tissue 
culture media such as Dulbecco's modified Eagles medium, RPMI 1640 
medium, or other tissue culture liquids available from commercial 
suppliers is used without any additional serum or growth factors. 
The subject cells of interest are put in the reactor and the cell 
shape monitored. If cells are alive their size does not change and 
they double; if they are dying or experiencing toxicity, their size 
shrinks and they do not divide. Therefore, the bioreactor can be 
used first to screen different commercially available medias for 
what keeps the cell alive (and/or dividing) and then to add 
different types of serum including fetal calf, horse, goat, or 
other commercially serum to see what would supplement growth. 
These parameters would be the same looking at cell size 
survivability, and division. Then recombinant growth factors such 
as those listed herein. 

Although the invention has been described in detail in 
the foregoing embodiments for the purpose of illustration, it is to 
be understood that such detail is solely for that purpose and that 
variations can be made therein by those skilled in the art without 
departing from the spirit and scope of the invention except as it 
may be described by the following claims. 
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WHAT IS CLAIMED IS; 

1. An apparatus for holding cells comprising: 

a mechanism for incubating cells having a dynamically 
controlled environment in which the cells are grown, which is 
maintained in a desired condition and in which cells can be 
examined while the environment is dynamically controlled and 
maintained in the desired condition; and 

a mechanism for determining the state of the cells, said 
determining mechanism in communication with the incubating 
mechanism. 

2. An apparatus as described in Claim 1 wherein the 
incubating mechanism includes a housing having a biochamber in the 
housing. 

3. An apparatus as described in Claim 2 wherein the 
incubating mechanism includes a first well and at least a second 
well in which cells are grown, said first and second well disposed 
in the biochamber of the housing. 

4. An apparatus as described in Claim 3 wherein the 
housing has a first port mechanism through which the first and 
second wells in the biochamber can be viewed, and the determining 
mechanism includes an imaging mechanism disposed adjacent the first 
port mechanism which images the cells in the first and second 
wells. 

5. An apparatus as described in Claim 4 wherein the 
housing has a second port mechanism in fluid communication with the 
biochamber, and the incubating mechanism includes a mechanism for 
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controlling the environment in the biochamber, said environment 
controlling mechanism connected with the second port mechanism. 

6. An apparatus as described in Claim 5 wherein the 
environment controlling mechanism includes a heating mechanism in 
thermal communication with the biochamber to maintain the cells in 
the first and second wells at a desired temperature. 

7. An apparatus as described in Claim 6 wherein the 
imaging mechanism comprises a computer for identifying whether a 
cell in the first well or the second well has multiplied, said 
computer connected to the imaging mechanism to receive images of 
the first and second wells from the imaging mechanism. 

8. An apparatus as described in Claim 7 wherein the 
imaging mechanism comprises a microscope mechanism which views the 
first and the second wells, said microscope mechanism disposed 
adjacent the first port mechanism, said microscope mechanism in 
communication with the computer. 

9. An apparatus as described in Claim 8 wherein the 
imaging mechanism comprises a camera mechanism for imaging the 
cells in the first and second wells, said camera mechanism 
connected to the microscope mechanism such that the camera 
mechanism takes images of the cells in the first and second wells 
through the microscope mechanism, said camera mechanism connected 
to the computer. 

10. An apparatus as described in Claim 9 wherein the 
determining mechanism includes a moving mechanism for moving the 
first and second wells relative to the microscope mechanism so the 
microscope mechanism can view the cells in the first and second 
wells. 
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11. An apparatus as described in Claim 10 wherein the 
first port mechanism includes a first window disposed in the top of 
the housing and a second window disposed in the bottom of the 
housing and in optical alignment with the first window to form an 
optical path for light to pass between the first window and the 
second window. 

12. An apparatus as described in Claim 11 wherein the 
incubating mechanism comprises a transparent plate in which the 
first and second wells are disposed. 

13. An apparatus as described in Claim 12 wherein the 
environment controlling mechanism comprises a mechanism for 
controlling media pH in the first and second wells in communication 
with the biochamber, and a mechanism for controlling pressure in 
the biochamber in communication with the biochamber. 

14. An apparatus as described in Claim 13 wherein the 
incubating mechanism includes a robotic mechanism for automatically 
dispensing and aspirating media to and from the first or second 
wells, said robotic mechanism disposed adjacent the biochamber in 
movable contact with the first and second wells. 

15. An apparatus as described in Claim 14 wherein the 
robotic mechanism includes a reservoir mechanism for fresh and 
waste media regarding the first and second wells. 

16. An apparatus as described in Claim 15 wherein the 
determining mechanism includes a diagnostic mechanism in 
communication with the robotic mechanism for ascertaining an 
occurrence of a predetermined biological event in the first or 
second wells. 
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17. An apparatus as described in Claim 16 wherein the 
determining mechanism includes a joystick connected to the 
microscope mechanism to control the position of the microscope 
mechanism relative to the first and second wells. 

18. An apparatus as described in Claim 17 wherein the 
moving mechanism includes a translation system which moves the 
plate to align the first or second well with the microscope 
mechanism. 

19. An apparatus as described in Claim 18 wherein the 
robotic mechanism includes a z-robot pipette through which media is 
aspirated from or dispensed into the first or second wells. 

20. An apparatus as described in Claim 19 wherein the 
imaging mechanism includes fluorescent material which is introduced 
to the first or second wells by the z-robot pipette to enhance the 
imaging of cells in the first or second wells. 

21. An apparatus as described in Claim 20 wherein the 
robotic mechanism comprises a syringe pump mechanism connected to 
the z-robot pipette and the reservoir mechanism for delivering 
liguid to the z-robot pipette from the reservoir mechanism. 

22. An apparatus as described in Claim 21 wherein the 
syringe pump mechanism comprises a stepper motor mechanism which 
provides force to deliver the liguid. 

23. An apparatus as described in Claim 22 wherein the 
reservoir mechanism includes a first reservoir with the growth 
medium and at least a second reservoir with the quiescence medium. 
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24. An apparatus as described in Claim 23 wherein the 
reservoir mechanism includes a distribution valve mechanism 
connected to the syringe pump mechanism, the z-robot pipette and 
the first and second reservoirs for directing which liquid from 
which reservoir is delivered to the z-robot pipette. 

25. An apparatus as described in Claim 24 wherein the 
z-robot pipette has a sensor mechanism which senses the presence of 
fluid about the tip of the pipette and produces a pipette signal 
corresponding to the presence of fluids about the tip. 

26. An apparatus as described in Claim 25 including a 
computer which receives the pipette signal, said computer connected 
to the stepper motor to control the operation of the stepper motor. 

27. An apparatus is described in Claim 26 wherein the 
housing has a bulkhead with a hole through which the z-robot 
pipette extends into the biochamber. 

28. An apparatus as described in Claim 27 wherein the 
distribution valve mechanism is connected to the diagnostic 
mechanism to receive medium from the first or second wells. 

29. An apparatus as described in Claim 28 wherein the 
distribution valve mechanism is connected to the computer which 
controls the distribution valve mechanism. 

30. An apparatus as described in Claim 29 wherein the 
diagnostic mechanism includes an assay for analyzing the media. 

31. An apparatus as described in Claim 3 0 wherein the 
assay includes a column. 
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32. An apparatus as described in Claim 31 wherein the 
assay includes a chromatograph . 

33. An apparatus for managing cells comprising: 

a housing having a biochamber and at least a first well 
in the biochamber in which the cells are disposed; and 

a robotic mechanism for automatically dispensing and 
aspirating media to and from the first well, said robotic mechanism 
in contact with the biochamber. 

34. A method for holding cells in a chamber comprising 
the steps of: 

scanning a first cell; and 

determining when the first cell has divided. 

35. A method as described in Claim 34 including before 
the scanning step, there is the step of placing growth medium with 
the first cell. 

36. A method as described in Claim 35 including before 
the scanning step, there is the step of identifying the location of 
the first cell. 

37. A method as described in Claim 36 including after 
the determining step, there is the step of replacing growth medium 
with quiescence medium. 
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38. A method as described in Claim 37 including before 
the scanning step, there is the step of placing growth medium with 
a second cell, and identifying the location of the second cell. 

39. A method as described in Claim 38 including after 
the scanning step there is the step of scanning the second cell. 

40. A method as described in Claim 39 wherein the 
replacing step includes the steps of moving a z-robot pipette into 
a position to aspirate growth medium from about the first cell; 
aspirating the growth medium from the about the first cell, and 
adding quiescence medium about the first cell. 

41. A method for using stem cells comprising the steps 

of: 

obtaining stem cells; 

placing the stem cells in an automated system for growing 
stem cells; 

growing additional stem cells in the automated system 
from the stem cells placed in the automated system; and 

gathering the stem cells in the automated system. 

42. A method as described in Claim 41 including after 
the gathering step, there is the step of transplanting stem cells 
into a patient. 

43. A method as described in Claim 42 wherein the 
obtaining step includes the step of removing the stem cells from 
the patient. 
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44. A method as described in Claim 43 wherein the 
growing step includes the step of maximizing growing pluripotent 
stem cells while minimizing growing differentiated mature blood 
cells. 

45. A method of producing stem cells comprising the 

steps of: 

placing growth medium with a first stem sell in situ; 

determining when the first stem cell divides into a 
second and a third stem cell in situ; and 

exchanging the growth medium about the second and third 
stem cells in situ with quiescent medium in situ which inhibits 
differentiation of the second and third stem cells into committed 
progenitors. 

46. A method for holding cells comprising the steps of: 

incubating the cells in a dynamically controlled 
environment which is maintained in a desired condition and in which 
the cells can be examined while the environment is dynamically 
controlled and maintained in the desired condition; and 

determining the state of the cells. 
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ABSTRACT OF THE DISCLOSURE 

A METHOD AND APPARATUS FOR HOLDING CELLS 

The present invention pertains to an apparatus for 
holding cells. The apparatus comprises a mechanism for incubating 
cells having a dynamically controlled environment in which the 
cells are grown, which are maintained in a desired condition and in 
which cells can be examined while the environment is dynamically 
controlled and maintained in the desired condition. The apparatus 
also comprises a mechanism for determining the state of the cells. 
The determining mechanism is in communication with the incubating 
mechanism. The present invention pertains to a method for holding 
cells. The method comprises the steps of incubating the cells in 
a dynamically controlled environment which is maintained in a 
desired condition and in which the cells can be examined while the 
environment is dynamically controlled and maintained in the desired 
condition. Additionally, there is the step of determining the 
state of the cells. 
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Declaration ; J Power of Attorney For Pate Application 

English Language Declaration 



As a below named inventor. I hereby declare that: 



My residence, post office address and otasrtsfup are as stated below next to my name, 

I believe t am me ongmai, first and sole inventor (if onty one name is listed below) or an ongtnai. 
first and joint inventor (if plural names are tasted below) of the subject matter wfuch is daimed and 
for winch a patent ts sought on the invention entitled 

A METHOD * AND APPARATUS FOR HOLDING CELLS 



the specification of which 

(check one) 

r§ ts attached hereto. 

□ was filed on as 

Application SenaJ No. 0 / 

and was amended on . 

(if applicable} 

! hereby state that 1 have reviewed and understand the contents of the above identified specrf icatwn. 
indudmg the tiaims, as amended by any amendment referred to above. 

1 acknowledge the duty to dadose information which ts material to the examination of thts appttcaoon 
tn accordance with Trtie 37, Code of F=eoeraJ Regulations, §1 .56(a). 



I hereby claim foreign priority benefits under Trtie 35. Unrted States Code. §119 of any foreign 
appfacation<s) tor patent or inventor's certificate feted below and have also identified beiow any 
foreign appli ca tio n for patent or inventor's certificate having a filing date before that of the appf»cat>on 
on which priority is daimed: 



Prxx Foreign Applications } 



(Number) 


(Country) 


(Day/lutorrth/Year Red) 


(Numoer) 


(Country) 


{DayrtUooth/Year Rec) 


(Number) 


(Country) 


(Day/Month/Year Red) 



Prtonty Claimed 

n n 

Yes f55 
Yes S 



) hereby cia*n the benefit under Trtie 35, United States Code. §120 of any United States applications ) 
feted beiow and, insofar as the subject matter of each of the ciajms of this application ts not disclosed 
m the pnor United States application m the manner provided by the first paragraph of Trtie 35 , Unrted 
States Code, §112, I acknowledge the duty to disclose material information as defined in Trtie 37. 
Codeof FederaJ Regulations, §1 .56(a) which occurred between the filing date of the pnor application 
and the national or PCT international filing date of thts application: 



i Of%e«-U.S. DEPAfrrMEMT OF < 



(Declaration and Power of Attorney— English Language [1-12}— page 1 of 2) 



XL 



{ Ap pfc caft o r Serial No.) 



{Ring One) 



(Applic at io n Serial No.) 



(Fwng Date) 



(Status) 

(patemsd, penotng. abandoned) 



(Status) 

(patented. pending, abandoned) 



i heredy dedare that aJI statements made herein of my own knowledge are true and mat all 
statements made on information and be*** are befaeved to be true; and further that these statements 
were made with the knowieoge that wiftfui false statements and the like so made are puntshaote 
by fine or imprisonment, or both, under Section 1001 of Title 18 of the United Slates Code and mat 
such wiitfui false statements may jeopardize the vaiidtty of the application or any patent tssued 
thereon. 

POWER OF ATTORNEY: As a named inventor, ! hereby appoint the following attorneys) and/or 
agent(s) to prosecute this application and transact ail business in the Patent and Trademark Office 
connected therewith, {lis: name and registration number) 

Ansel M. Schwartz, Reg. No. 30,587 



Send Correspondence to: 

Ansel M. Schwartz 



412/621-9222 



Direct Telephone Calls to: {name and telephone number) 



Fvd rxame o* so** or hrst iventc* 

Joel S. Greenberger 


*w*f*or » signature 








Dm 


Rvs*d#no 

749 Chestnut Road, 


Sewickley 


, PA 


15143 




Grttxtmftio 

United States 


Post Oflitt Address 

749 Chestnut Road, 


Sewickley 


, PA 


15143 






Paul A. DiMilla 


Second snverwors wonwore 








0«te 


3277 Oaknoll Road, 


Gibsonia, 


PA 


15044 




United States 


Po»i Ort>ce Address 

3277 Oaknoll Road, 


Gibsonia, 


PA 


15044 







(Supply similar information and signature for third and subsequent joint inventors.) 
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ADDED PAGE TO DECLARATION AND POWER OF ATTORNEY FOR PATENT 
APPLICATION - THIRD AND SUBSEQUENT JOINT INVENTORS 



Full name of third joint inventor Michael M. Domach 
Inventor r s signature Date: 



Residence 5812 Howe Street, Pittsburgh, PA 15232 



Citizenship United States 



Post Office Address 5812 Howe Street, Pittsburgh, PA 15232 



Full name of fourth i 
Inventor T s signature 

832 lit 



Residence 




.ond K. Houck 



t, Oakmont, PA 15139 



Dace: <i/%cj4fo 



Citizenship United States 



Post Office Address 832 12th Street, Oakmont, PA 15139 



United States Parent & Trademark Office 

Office of Initial Patent Examination - Scanning Division 
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